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*\ (Y • N V JjLjj) ^Aljjiil i=JLLa 4_ojiLo 

\o &^JJ JlLu±LJ\ ^Ju^jl\ :KuIom<II -N 

l\ CiLaj-oiaJI i^_pLLml ItiJllllj JjSil (j^ft" L\>^ -V 

AV oLnj ma II Kj-oIIjJ ^^yj^l cK5^ 

NYO dj-aJlll <L-a£ l^a-> f-^g -£ 

Uo fcUJIj JiAJI -o 

> AN 3U.....U a.ssly.tl II -n 

Y • \ 3hj,.M f Lu^S! ^pll^l (jl^l -V 

YYo Si^UJI ^1 ma.Sll K^llijj ijjljjl d ^lll <<l^I jjJI _>^JI -A 

YW (i^J^ 

YAV j^U 

n\ ^1^ 



ljjS> a-^ a \ (^1 SsjjiC (3-o 4_*_il^JI (j Ji-kJ (j^-aj iL^C 



(tor jJjj) uiJ j*JU -uu 



<4 < niLu^ll jUjSjIidl 3 . n .< J^a^. <Lil£ *j j ' Q ' SjAa-U jlii^l (jAa I cjJLiJI (j 

JL 

"i! .4jJ! ijj>n"in\ (jjjJI ij'bLkJ! ^visUi^j Sjj^. (j jllxuSlI i-SjSj (j Jj-alU Jjlflll! 

\a"cl ^ l^a ml ) (jLtto JJja-o i-_Lfl_a-o (^\ i \ *il 

.ii^jJLlI <xajlxjJl 

^1 jlm^l ^ ^iiLI! ^iljJI ^l^j .i_JLkll LlsLial j\ 5" mo L^aj 

ijjjj IpjJjSi jj^SII "LmSLiM (^jlj jUjS>LflJ.I j-LC <k<l Ja" Y*< vZjIj^HI j> n 

n ^j^IiLll! ^1 Ijj Lajjc £^jj£A\ CiL^-jlj .cJ^LiaJI j^- 0 _A^-J Sj-lLa ^j's" mi 
. <1<JI fLj^i ^ (jr^ LS^' Sj ^' 3 9 n< 4j_«J j J! i_i"<IL LILJ 

^jlxiLaJI jllxuNLl <i^sLi. Js au (jjJ^! ^[j -f-lj-S-l' (J*^*.^ '•^ Lo g^^' J-aJ«JI OJ^J o' 

JjK I "iiJj Jc-I Lo^ '^J- 1 ^- ^f^J <c.La^= iJi 3-'"'* ^ f^-J^ 15-^' cr^ J '^ p C5J*^ 



JjL> jj ih^j-lII i-ij-i^jjjJI 4_<iLsLll! j^jjjj^i. »i3j .cj^jjlJIj sLLai.*^! J-c US < ^i^-i 

(^^jjLSJI (jj> <LusL^ SJLa. *i\ ( _yaji Jj*^l lH>" (j^^ (j^ jl S~<~^i I ^ya (2ji_j-tu 

fi^a. gjfVill IjjSl ^1 mjj m\j JjjajaJLl (j^-^ mi (^ydjJ^II ^Luill g- 0 -"" 

v,^" jjl inn SjLa ill i4ia ej^- (j<i 'll lj-£> (j-o *J-a£ 

LiJj'iLii <Lll ftJ-mj < <jL-oLa. ndiflJIj pLjjiJ! j> m2 iij-us>j£ J^->La 



t ■ A i *» 

wis TJ r 



iji^NKJI K^KJ.1 ^ 
I ji_c a ...^ II SjjjJ.1 (_5^jILll 4 ■ ■ Lea.) I 

i(_5j3J! I .**■ (_jj-ll _>i5il_ji=iJI (jiuSLij *i! Liil Jl >iu & > ■■■ni^ 4_aJ^j 

& _ „^* 

<jl <iil j if- J '-^11 it j*jj cjjLSj 4-iJLc it j*jij La a ma. Lg-ii .'lj^~ ■ j^^jJI C)*Sll a II (jiiSLlj *}!j 

CjLc j*jj >.,i^". CS"^ jivljU.il i a ■ ^.jj (a^JI 1^ .".1^ . a i . . I U." . 4_ijjJI jj&ljJaJI i fl -^j 

iijlajj f>*s II K i'iK in (j-a 3^ '*'" '""^l j3j ■ (j-i I " h i llSl 3 . . ,..'.11 4_ijiij , . I U". . 4jJLc 

4 i*s i mi^J^JI i^-ijK J.) jUljS (jjj-ij "'1 .A-""' ^Lua Lajjj i(jj j^"j-*JI (jjill (j 4_i_i_mlll 

\uav f u 

,".1 a 1 Uj , Jj . ... . .11 £jIj^ Ciljl mi a i^l ma. (j-a 4 «*\ . ...SK 11 K .11 ji_j|jj*i I j *tS> aj 

pUjI cj^ljiJIj i(Ls>jjLjj ^jjLuaJI jj'iLL-il SjLs pLjjl) pLAslII vZjLiSjjsj ijj^LuajJI 

JjLjjLa £_u*ijj,l iS^L»-l jy" II I a-l jUljill bjjSi a.1, tA" mljj .(jna mil Jja. LgjljjJ 
io 3 O" a JjJj-iJ 4 i m i*i I Li jl i*iljLa (_gj" in a 4_Uj_iLs> gj-a.Jjj 4-jlj U. m*^l 4 1 mjJL) (j-ajJ^ 
•jlj^ jl JajLa. Sjjj^a lU*l Oi£ <*ll mil jju S_a2 i_ll m~>. ^ 1U1" m\j 

h2jIjLi-ui 4_ii -Aa.jj jiJLc (j JJ-^ijJ Jl gliaJj La *ijJ3 ^jjisjjall 4 ilat II 4 laft^l ^1 
4_ijJ (jiuJ (_JjJI (jO~> mil 4 1 mjJL) j^jILi. .4 1*1 in 1IL i_Sjli3j tjj) ioIjjLUjj i(jLvaj 

4-tuljjJ I Uif Lxa Gj^LE^ iiJL*u5i ^Li ipLuiu*i!l ajjSi (jja (^L ^LalA'^U ^*<fl a i_i 1 m 

, j^ljkJI <> ijLiU l^ lj^ j^ia i;jkiJ J^SlI JLUI l^il jl :4j<j,„*iUI l^KJ.1 

i4jjja_i K TiK til (jujjj (jfi-^ <7i (_£lj .4 U. i null ^jLJ.1 (jjs J3l (juLuil 

4ii.lj ^ajjj >4 iS ia 4jj^_s SjjsLsLa 4_tuljjJI 6JjS> (j wn '(j a"H (_gj" mil ^TL^ 



4-oJajSll JjU~ J-C ((dJaj-mjJI)) a^Lill JfJaj jjc Jj^lkll 4^ jLJI iS^U Lojlj LoljLj 

■ «4 t-ij null)) 

£^ajii_all IjjSi (j J^_JJ *^! .«£-j.ii-ll»j ((icjLxll 4jajJI» i_£J a.Li ^jjii^j j^- 0 ' <j' Aslj 
iijj oUJJa-uallj a-ijSjLflJ.1 JLcmluil bjjj^a <j (_j-o5£j «icjLl! 4jjjJI» j .^Iji. jl JjLaJj 
Lo^J Ji£ (j^-aJ (_jljlll ij^ajjiLflll 4jjjll . QjaUll cjLiJI j Lo [jj-ol ^A^-flJ j jjaJLlli .iilL 
. K nK ill (JjLtul d ^ ^ j-tc J^ala 11 (Jl LclL=»- (jLijjjj i_S_ojjj t^-ia^jJl i 'I l-*-** 11 (3 

J2l SjLc Jj) -l^-lj (^"Lp J-"^ ifi-^ \ 4_iJ_i$-ojJI fLjjiJI v^lj^Lo a t^t n (j 

aJjlWI Ja-Lua SjLc (jjloJlj i_>"iLkJlj ,_>ujjll ^ J£ j . Ll^ij IfLixll (dilj (_ya "i-d2 

vZjLc.^a-ua^aJ.I «<jJaJLj|| — J mi Jj — i_n i r\ \j . Sj__>flJ.I SjLU (^j-o (J4-*-o jj2 «4_iia_ij-i» 
4_i_ujLo' k >!l a-uS>Lall (^jC (^-iLijJI (^jj (^IjJ J-^ai (j (j 4_i_mjj_>JI 

.4_fllaLi. it I J tk jj_>ll jl tLjjJj Lo Jil LauLauI J*s in* (_5J.ll 

( julq a ni~i» ,^J-£ (_gj) 0 11 JAC (jLlj I fca ) lu j"i^^1 (j 1 1 J 1 1 JjLiaj (jj)^ > Lcuj 

» . , "... 

j (J_c (_j^a£Jl fcjjfc la^i lj * ) taj "■ ) (jl (JaS t_sl^ cj-ijJj (Jl (jjjLill aJaJt-Q glla 

ji if. 

I fl' j.'.' uA^' CS^b " p t5^ J- 2 - Sjjjil d>H J>^; p '**".' o' p ->^' J-^J - gf^ 

£-SjJI 4 iS iS^. II (^^aiUI (>_i (J->^-" *— *^* J 0' ^-^J -CS.>^ »Lt-ui1 (J-c c-(_5iJI 

«4jj^_^ll SjjUaJI S^aiUI)) JLial 4 i n ft_aJ I (_;^aiUlj (_>^-l (J-^ CS-ll- 0 a ma. _/VjLvi mJlj 
4^ajLi (j-o (jl <_i^> 1 (^jl mi n (_^ ^^a-i (jl (Jl S^jjlj (3 j *i o Lo a ni^> » (Jj-oj 

jUjjjLsLo ^jitsLll (jjjjiil j'i-s 1L Ltjj JjjjAj (_jl (j^-oj ^ '<lll a-i^t J^J^ll ^jLflJI 
(j ^rL^u^ll i_JUaJI (jJJ^X. tSJ^'j ■ («iJK"-<.^!l)) i«JjiJlii KiS^aUll) :Jj-o «4 ^. tr\\j» 

lijJLllI iajLuaJI Jl iSj^aJI .. 1 (_jl (j — g. aIsJI i — 4j j^JI jlkj <J (ia^cj-o S jval a a 
ClSaJl (_)l_9 liiiuLuSlI aJjSlLiil (j ijliaj JJAiJ (jl Loj SJjjJa SLpJI (_,! ja~<-.l ^yj^-1 

.(_;J-tu ^ i it-ii (jj <iilj (_| (jjii" mil 
S ^ o 4 miqLLo (Jj-oj 4_Liifl CjLc^a_L^a-o 4_JI Cxfl ) i^l Lo Ijl — 1 iljSJl Ijjfc ^t_L^zu 
p.|^Hj| a ta * o (jl ■ dl) (_yJ^- 1 *4j|j_i LoLl NLslIxu-o Li_toljJ Ij^^B-o (j^^j^-i (j*i! — (oL^a^sU 
.^k.1 <_jLl^ (J_t XqSji * j,>S-o (3 <Li_toljJ ^LiJj ^qI t^Lo^o l_Leaj 4_fl_LfiS_aj 4_j_^o ta iaJl_tuj i-Ji_9_to 

• Cli/U^M J-LC (JJJjJj (_jJjljJ jS*-' - SjLo (jjij (j*i! I 'I ^tixrO-l ^jAj 

— J t,-io 11 qLj"^. n-i 4 1 1 fi" n JjLiuuo (jJbj — 4jj-o^!l (_j-o JJC J ' 

i^ti (j^J .((^jLa-o)) 4JI inn illoSlI is la jiijj'll .iASLUIj Jj La II J| SiLis^Li 



i_JLkJ! ^flVtj (jl S^Ij ^-uzj^ - J-c pI_>IL1I jiju (_g„^"" oLaJ. J^. (_gj"^ j 

. 0 r*'\\\ j Jj^jil J^JI Ssl _>3 JjS JllaJJ (jiaUJI L(jl-> ^ iiJLkJI jl 
4ij-*_a ^1 i_i I Lajj ^ Lgjl J^jUI-J LI^KjII (j iid^alll £i\jj2l\ p^*.'! gjjjJ 

iSjjIj (j <iJ j a J n ^ i ma. 4 \ -\ f glVn /nl die <JLa1I J m m J-t) <L^.l^a 4 mflj (jC (jJ-*-> 
.(3£ _>aJI iSLkj Jj aJl (^O iSNUJI miIj J; ajl ^-SJJ-*^ Alt 

Lilts ({{Jxililllll j ((JjisLfllilll ^LjjilJI (jj-x-oll Sjli>. illol jijJ LljjKJ.1 (^1 Lajj 

"i Laljjj niLllI ^jl i mil (j ^ 1 it-iLjJI i2^uaj o a 1 1 (j-ij-A 1-l^.j^iij LlLkjl 
liLLlJ <ji3Lla jja_i i—sj^u ^1 ^ -^"l I j^-j 4-**tl a n-i jilll [gjLSJI ^Li njLil 

.(I) 3^111 (j vZjLtjjis^il 



■i < mm cS^j^-l' £.s9^>^ uj- 1 <4^_>^-lJ < i^iLjJI i_Lua^J! ikLuuj ^jjji lijjLajj^J! 

laj-aj I (j I ipLijjilJI jiJc (^J- 0 1*3?" £^!>^ '-' "' ^ L^jjLajjiJI ,*j Ls ijLj (j-aj .3^_>^-l! 
.ifljSj 4jLjj_kj pLajjiJ! c^l>2 icL-ua 4_lNLi. £ya Cj^i (jH^-^ 3 ^-^' 



jaIj d*j J 2£ ^bJI (\) 

l^illLa) J/_s_a a "-^ U ( J_£ gKj ^ 11 \ \ ^ a ^La \ fii-w| CjLa La mi~*» J^ljJ) I W.J 

4 t^a'i (jj^" I t~i~> II La 4 t-iQ'< LijAjl Ijl^ ■ ( -» i o"i iii a £->j*jj JjJjia J-C 4^ j j a SjLi-tu 

4 US'< (^j-a iiLuil ( _ s -l=i-«-i X JJjlj 4jajaJ ^1 jjc ^ < <n^. II ^-ua^-a lA->-*J (j^ a <J-ua*i!l 
iJ-uaSlI 4 t-ifl'i (_yijL^ J^-l J-C- Sjj^jil JaLElLl ijj^a X jsoS •(».' N (JJ. J-^l 

J£ '-M^J iJ-uaSlI 4-kijJ ji^SlI <_uUJI J-C Sj_a^all JaLfljll 4_JLo X ji^iS l£-*JJ 

l-l$-S i^JLtoJI (jJ^-> Lig-ilj i_i-^ail ^aiSi (j-u* LaJi*i! I (_jl Lai .Sj-i^j 4 U 0 'i I Sj-LiLla X ^ya 4-a-iS 
Lg^vt-->" mm (_5J-1I J^j-l=sJ I (J-C 4 i<~ilj Sjj i a i SjJJjlJI X 4_aj^ J-n" .^jaLfljl j-al 

.(3-ajJI £_a jja X ^Li L£Lo ma II {jLi jj lj| -(JjII jl < J^-LI jl <^jUI :^Cla) 

.X(t) >_>JL> t (>j Jlc X aLaaflJ J^_>1 
:£s^L*JL t' Jlt(> 4flajJI SJLflJI j^j-Lua I aUa-Lualll 5fi j^JI 

X(t')-X(t) 
aVg = t^t ' 

JjLLa X J CjLu La-tuj Llajjjj Ijl .^^1' lj _A*jJI J-C- Laj mi a J-'A^' lj J^-*jJI Lgj| (_gl 
J~LJI ^1 ^> La [X(t') - X(t)]/[t' " t] J tfjj ^Sj^ JiA .-lia) t 



t' ^j^j-QjJi J-ic a una 11 0 * 1 rt l/-^11 ^j* " U a \ 1 1 (J_u£aj (_£J-1I xJaJjull a ^Sj mil 




ic ^^uJI jljc I -^j j la i ( _ S J-1!) ^ .U^ III it j^ul\ j j « ^ ^jji SJaj jj^Sllj jui^l ^ ftJ I (jl 

t' L£ _Aj HjIS t J-c IIiSjI Ijl .(d^jL^u, j 

^-lu jJI (jj^-i (jl J&) S ' a SjjL^j 2^, a ^ uj/Lfl-i ^jjjj [x(t') — X (£)]/[£' — t] 

4_^jjj 1 Ml 1 Ml 

JsLi. ic^jJI U ,„j" * I Ajl (jixj ^jll! iS-ijL^III 3_fnSll j>jjsi J-c jit-, .(t,x(t)) 

:Sjj Kill (J-c i_^ < s~\_g .«£ ^aj Alt itj^uJI)) _>j^I 

x (f) - X (t) 



v (t) = lim 

£' - t 



t' - t 



(1-2) 



.v(t) = dx/dt 




S j-diLxa Va[ V(t) uLua IV.<^.a iljLsua SluSi (j SLkjua X(t) Cul£ lj| 

i^l m-> gjiLla (j (jjjjjj CjI a" <nll ma. ^Ij-JLtuL j! (1-2) iljLsd.1 

gSljj J^ii 0 ^ I- <d/dt(t n ) = nt n - 1 :•&«, L^ia ^I^U! £>jij>) J^KUIj J^UU! 

S UflXl (3-ijLoil! (jj i^aJI SjJjCLo x(t) ^ JljjJ (1 _ 2) ^ (j^sj^l ujjLaJ! (>-i-*J 

^jLu ^ a Lq (3 SLIaJL-Q x(t) L-Qwil^ f (t) ~ J m ^ fl ^jLu ^ j a o ^-"Jj 



.V (£) J LLu^flj LijLjj ^ ** a La (j^^ju 




I '»'< " ' 4jU '(jjLi-i (jla La jl iijLuisLj SJjNLc SjjjSi (j La! <v(t) Lu.ll !j! 
V(t) I jlj" jljix, oj^-i Laiic- X(t) 3JIJ! jUjI iuLvuiL^I illajJ! .X(t) oLo. 
X(t) = (^Li <V(t) = 9t 3 jla - !j! .^Llai .< <L LaKlJI» mi JaLail! £J-aa. -ik- Ual*_a 
LliT ^a JallJIj dx/dt oLa ^ 4-lal uuj ^Ujdl) La Culi C £ua <(9/4)£ 4 + c 
f±»-l! JS! illa-LLa (jjiJ X(t) (j C ^JaLl^l CuLlJI jjj .(3jaC jl\ V (t) J^. J"^ 
^aa-J ^J-C 4_Laj*i!l llfc £_ua_all (J^-iajJ LaLaj LiiL^ (JjuJ 4j-aj*i!l £_uaa. .lie <Lc ^jiJLj 



<2)l£ IjLi .t = 0 jic X <Lo-l2 1(^1 Sa uia II IdJ (2>ll (3-0 al»j (2,1 Liul 111 0 '° -J-ol^ 

jc(0) = c^Li «x(t) = (9/4)t 4 + c 
Jlkil Jjt--. „,l I _>jjI1Jj . £-\ J£_<i <v(t) (jjLi^JI 0 ''^''H "^lo LiiJ (2,1 (jisJlaiJ 




J-iLi. aj m II (x j _£-ilJI <^1) iaJj)!l (£jLujj if (t)A y5> J_.U" „,tt | jjj, ia-L^ 
LlLoj <La_ia_ua 4-fl-il mil SjLlslJI (jjij 'Jj-lS-ill ^'n t,L) .£ + A J! £ (^ya 3-liajJ! S JLflJ! 

A .^JlIJI (2,l£ Ijl (^Uj it + A Jl t ;> ijlojJI SJLaJI J^LL iLQ v(t) Ijl 1\ 

LojSi t2j t\ jl£ Ijl (.SJliJI Ssjji J^Li. V _/\-*J JLojSiI (j^-oji <Lil£ <L^jJj I^JLua 
(_^l (J*^^- 4ja.lj*i!l (jLi tS^/ ir ir\ CjI^_3 ^jl I o g *' ) l S^/LflJI a * "-ft" * I ** « fij (( ^A_!Laj 

jjLi taj (j-^ . ^- \ (J^ oi (3 ^jiaLlLI J i laj mJ I 4ja.l ni n Hj^Ej ^^Ltuj d II CjI JaJlII <illj 

LaKj ,-,Nl . U" ,„ll „io £^oa_a Hi jitj ^jLuj X(t2) — X-(t\) <^-lj^l <LLoa a 




i^.LJ.1 

■._.*<"« J-oKllI uLma. iiii .SjJLu v I j -° ^jlll jJaliU (j ijJLu L^jL 



x (t 2 ) - X (tl) 



v (t) dt. 



(1-3) 



l «t2 JJ. ti Cy t Jl ^i.iiilL v(t) (1-3) <JjL«II ^ i>^l v^^-" o " 

(J^aj La jJlC 0 - ^ r?i (3 ) bJ '"I I Cj L=>- 1 mi n ^ ^ 7* ^ ^ ^ (j ' ^ Li I ) • Q Li j, u_S^jlj^q 



Y • 




Sjl * mj A \ m j^-o^JI ^jjLfl-o 4r.^oiU ^jLu a inj l mi 

3Jlj£ La Sjl i in ic J*\ A (2 U ...j" 1 1 ic j^uJIj isLui! ujI di->) N-\ Jl-La 
UJ.H-.I .t = 6, 12, 16, 18 sec Lgiil.ij iklj ^ 5^1 j ..ill jjlj uj.ii->! .<>ajJI j 
£ = 0 <>> SJLL1I J^Li-j <t = 15 sec J! £ = 4 sec ^ SJLL1I Jli. 2U„,y,tl <£. ^^Jl 

.£ = 18 sec J! 

x(12) = 40 + 80 + 140 = ix(6) = 40 + 40 = 80' oULJ.1 v Lu^ .J^JI 
x(18) = 260 + 150 = ix(16) = 260 + 4(50 + 16.67)/2 = 393.3' i260' 
^Lu2 t = 15 J[ t = 4 (> ii^jU.1 2^J| ix(15) - x(4) = 332.5' .410' 
.22.78ft/sec ^jL^ £ = 18 Jl £ = 0 <> ik^jH! 2^J| ;30.23ft/sec 

a j j a y- 1 1 a ' — " •■■ ■ i_3 j-uj ^oLs^LjJI _s_ijil i .*sl U 1 1 - l»" ■ ^1 ' 4 taj -via ] 

|^ 45 Lai a» — u I ' Q — CjIaI luaU Lsj-luj II i . 'I II 4_lILj-uoLjj CjLs^Lc 

^^wC ^Lus *\ * (jljJLjj a^a-tu^jJI * i a — j I L^jjLi-tu J^ailJ 5 \ ' us . Y— \ JlxQ 

ic j^uJI jljjLa La .4X.I .nil (j 'iLt/a 1 • L&jljJLa ic j^uj Jjill "iLua ( >j'iLill J^flJ .La^_iisJLj 



<>j .T = 1.2 ^jij ,50 = 60/Tj i^LuJL LlLLo j£J! <>j>J! ^ T !j! .J^J! 
: j& 4jq.u1I "iw ^NliJI <>j ^jIj lt dJjjj .30/40 = .75 JjSlI t^liJI 
: iijlil! ^L-a l ^'iLil! £_k2 pLjjI ic j-^JI jljilo <jl 0 -1-2 — .75 = .45 

.30/.45 = 66.67mph 



^jLujUI (y) 

J! £ (j-a SJLslII J*SLa. 4 U mijIII 4 La t II eJijJUij .4x. j^-uJI JjJua LgjLi 4 La t II i—SjJlj 

riJjLjJ.L t' 

^avg = , (1-4) 

v (t')-v(t) 

a(t) = bm — . (1-5) 

t'-t t' - t 

a(t) = (JoKUIj J^UUI v Lu^ iiL) I ,v(t) = dx/dt <j! Leu 
.a(t) = d/dt[dx /dt] SJjLjlaU jLoli.1 3-kl uuj ^ l,ia> <j! j£p .d 2 x/dt 2 
Is^LjlU <£L^ v(t)j a(t) d>h? &ftL*JI <jt ^ ( 1_2 b d -5 ) t^jLtU lijLLaj 

Jj-o ^,Ls i^Lij f-uJ _>J SUaJixi f(t) v2ijL^ !j| 4jl dllj (j-o gjjj ■■•'> .x(t)j V (t) (>j 

^ * " t . . 5 

I i^nl (j I » >i f - " 1 ^ ^l^'a £l(t) (jL^ lj| .£l(t) ^jjSi ^LuJI u \ -. 1 1 1 

3. " .. " f 

(1-3) iJjbuJJ i^LMI iJjbdl .v(t 2 ) - v(ti) 

v (t 2 ) - v (ti) = a(t)dt. (1-6) 
J ti 



.iLilj 4jaju ^^jLi-i ^_ojj :V-\ J^-lu 

il£ Ijl a(t) ikxujSil IL^JJ l!% ^j! ( 3jU-.n i IL^JI) V-^ Jllo 

.V\ JSLiu Slk^-o v(t) 



OjjIj 31a «j a£ j^JI (V) 

.JjljJI 2_ijLa.l Sfljjs. ^l J_£ Jjliajj ,_^al^_lL> 3_oLc Cj\ m^Li-a 4_fl_il mil pi m'SLiU 

s 

jju \ dJL=. Jju (j-aj-ll £-0 ijjLj I g -° 4la «JI jjij L p-!' llj 

*'•*■*' ^ (j| -(j-aj CS' ■''"*■ LoSlj I J mflj (^^ji-ll vlul^ LaK i±)J^J SJLaJI £>jj5> (_\,l JjiS 

^LJI »^ '-1 1 11& e-j*. asJl 2^-LJ.I .(V-\ J^-<i) l~j -j t>a3JI JjLS-o 3U .11 ^LaJI 
^jfll .v(t) — v(0) = at {j^-i liilj-ij .a ■ t <_5jLuj t <>0j j« <^ u-ojJI as? j^l>" 
.v(0) "Jjj t"oj v(t) (j-o v - . ■*< j Sj^Li Sj^jj^u ^aiJLuiil >jjl11I Jl J--*' 



f = vq + at. 



d-7) 



I .a <Lua ^jfl~ inn Jai. SjLc (A-\ J^-i) t JjLLo f ^-jLljJI ji-tujJI 

(1-3) SJjLlLI j £snL»JI £>la> JUol ^ *(t) J <^r~= J-^ J^ua^JI 

itoj i^LJ.1 ^ji; <(*\-> J£-<i) llu,ala> .tj t = 0 C£i A-\ J^i j U-^ II o^" 

:<jj£j! I^Ij .x(t) - xq = l/2(2v 0 t + at 2 ) ^\ ^ dJo^j .l/2(v 0 + v Q + at) 

x = x 0 + I (v + i> 0 ) t. (1-8) 

<((l-3) 4JjL*_a \(J\) JjsKiJIj Jjjatilll oLua. ^I„^"wmI Uj jl lj£ 

ft X 
x(t)-x(0)=\ (v 0 + at')dt' = v 0 t + -at 2 (1-9) 
Jo 2 

4-iLgjJI (>-lj UK II t' ((^j-ojSj^JIii J^KjJI ^\JLLa 4 L.1C.I Llil iLa.'i!) 

(. t ^^-^k^JI 

(j! ^ ((1-1) 31sL*-a) ikxujlil Jtj^iJI ^-Ljj^ j-a (1-8) iljUil tijLLu 

4_i!iljj_)^l (J-G^ ^-"-11 ^^-o^-o ' Q-^*' ££jl_tuj 4_iLoj S_/Ls ^1 J^Li. U lu^j I I <Lc ^-uJI 
.t ilb (jjij (jl (>o X j-uaj^ll illj^ it j^lII iijjua (j LiLp.1 

J„iV» (1-8) ibL»!l j (jAi^aIJIj t = (v - v 0 )/a :<J\ d J (1-7) ibUil J^j 

v 2 -v 2 = 2a(x - X Q ) . (1-10) 
Lg_*_iA^. iLLSJIj <Lq-sI a" nil cr^' ^Li^LxJI ^m^."n Lla> ^j-Sj 

v = v 0 + at, (1-lla) 



X -Xq = | (V + Vq) t, (1-llb) 




I 

.cLLiIj 4la-*J Jj-ajJI i^Lfi-o ^-luj :A~ i (J^-oj 



x = xq + vot + -at , (1-llc) 



v 2 = vl + Za(x-xo). (1-lld) 



■ Sg-I II (jua'ii tujj (Jj-^ 1 -" (j^-lj ^-11 iSjjJa (^ya jj£I lllLc. dLliSi 

4-fl-il mil oLs'^LsiJI (_JJ^-I SjLc i^jjiall Jlj mllj 51 U* 1 1 vZjLo^1*J,I y ■ ma J-*-S 

.5 j-^Lm .. il^a II Jl is'^Lc.l 

60mph ^ (SIjIS 2j ,^alr. 3U , ,) SjL^j IULjH -(^Ij iUx. ilLu*) i-\ Jlia 
[60mph = 88 ft/sec :J .500ft iiL^ J^LL ^j^ 1 Jl 



-1 0) 



?cll2^JI (J-a CxSj 3U ml ^ (Y) 

II I J| jljKI! Jxic iiljj I jia Sjlj-.ill 1 3* » U; ^sJ) iiLuil L (V) 

?30mph <£. j*ju1\ jljix, Lstjic jl£ 



To 




LaJOJ 6 ^jlill J-a£. Pjj 0l£- 90mph LfcjIjO n j^u j^_luj SjL-toJI Cul^ lj| (l) 

.500ft = D ,88ft/s = v 0 j^JI r , >-?■•...■; .J^JI 

.0 = vl + 2aD => a = -7.74ft/s 2 (N) 
j>),>~*...l I ijaj] -D = 1/2vqT => T = 11.36s <<_i2jlJ! = T (Y) 

.((1-lla) iJjLJI 
:oi^«(r)5,Ui = D' (T) 

(fvo) =v 0 2 + 2aD' (wherea=-^M, 

V ' (1-12) 

thus ~ = | =>D' = 375 ft. 

D'7D = (90/60) 2 => D" =(l-lld) isNbJ! ,> .(l) LU[ = D" (l) 

.(3/2)11.36 = 17.04 sec ^ ^SjU! <>j ^jSL, (1-lla) <S-yuJ! <> .1125ft 



Jaj^pl, J-C. 5U t; jLxu S jLj^ £ jl mm' .(ijjlill 4la-»U _>iJ Jlla) 0-N Jlla 

60ft/S jljjLaj ijlLaJJI L^Ic j*ju (JJiiflJ jaJij) jlj!_>J SjLidl jjsj .^jfl" mio ^UajI 

.150ft/s jIJLoj iik-JJI I glc ^ (JimSj (Y ^ j) ^jlj jljl _>j jjjj Lsijjij 

,„l .5 II (cUlajJl) S JLflJI i a ■ oj j a >*"* I j^u jlja a La ( \ ) 
S^jljljJI <il mil ■ ° ■ oj j a (j <jj^J I a tic I fl"<- j^jj jl^S n La (Y) 

jbl jJ! ^ SjLuJI ikil d*^ ^ <500ft ^ djjjljl _>JI isLJ.! ciil£ lj| (V) 

.^llil J^UJ! = D .iilajj! SJLill = T 1V2 = 150 = 60 :jj*J\ .J^JI 

v = v 1 +aT/2 = (v!+v 2 )/2 = T/2 ,>j ^ .a = (v 2 -Vi)/T 0) 

.105ft/s 

v| = + = .a = (v\-v\)l2D <D/2 jbl* = v 3 (Y) 

.v 3 = 114.24ft/s <(v\ + v\)l2 
v\ = 2aD' => D' = .(\ pSj) JJ J\ J! iki: ,> iiLJ.! = D' (X) 

.v\DI{v\-v\) = 95.2 ft 



Ll> jJSj .Z(t) iy(t) iX(t) SjLc LgJ j-a jj <<Ljjjjl£ jjl a a SjNLj t die- a I ma II 

l (x(t'),y(t'),z(t')) t' S^j (x(t),y(t),z(t)) ^t^jjk 

Vx.av = [x(t')-^(t)]/[t'- <JjUJ.U t — t' iilajJI SJLL1I jNLi. ikxu jiU X ic ^uj 



YV 



^ iji^Sii a^Ji <JU j ul: iJi^UI 

,. x(i')-x(t) dx 

v x (t) = hm — = -T-, (1-13) 

v - t t - r at 

i> JU ilSL^ ^LLjjjOj a x , av g = [vx(t') - v x (t)]/[t' - t] ,JitL> .Iji&j 

a x (t) = km — = — j (1-14) 

t'-t t'-t dt l 

(^jja I ') a-i ^J^-S :4 \n/t>\ jj^I Sj-ua <J < Q II j-a__>JI j^j^ixuj (_£jJlj liSLil jjV^I j-o_>JI 
liaja ^jill Sj.wll jjUJ.1 £>Uvj! ^ JS" inn J«s mm pLajjiJI L£jl>S ic.L_ua 

^jJaj J- 0 ^- jl o 3 ? "' * * jj-o^-lL" 4_>ljJ 4J O •" J £sjL2-ll ui ^ I Ajl ■ 

i_aji* tpJI ^LuS^I .(I) J^io (j iiiljj jJjtlll O^?-" Sp!_>S <ik. iLo^aK ci\ 37"** 
oLuba.)!l u^-ll (x,y,z) ^^Ul jjjlU jl .^"-U< f ^oii 

^-Le^^lt 4 a J o X ^auuj ^ « ...^ 11 ^ 1 p^g 1 1 4^JLo 7^ m ^ ^ ) -"^ 1 

d U .1,1 j , & j . Ul I (j^alll (j I SjLc J^-*-i .SjLLLlI jjLaJ.1 ^ J| 4 i mjJL 

SjLc 4jc j^ij iilKJI ilSlL j\ OjJL JajU-^ II (j^illl (jj (Jj^j) djAxu i_S_>^ 

Jijli n (jo'^ll IjjSi 4jjj"i!l 4-^ mjJI ^1 Laj) •(_ s -S- a ' p (3 "' i_S_>^-i 

(■^ (j mil ^l„S->" 111L1 jjja_/Lll (jji-i (jl i_i ouSil (jja 4j] Li-ilj jis i4 ta liin i_Sj_^ 
■ O^JJ "^11 J- 2 - 4 I ^. ■» I lj ic ^jJI I -> " n i_SjJ(-l 

i- f(t')-f(t) df 

v(t) = hm — = — , (1-15) 

t'-t t'-t at 

i- v(t')-v(t) dv d 2 f 

a(t) = hm — = — = ——. (1-16) 

t'-t t'-t dt dt l 



YA 



it j^uJI 4^. "in fcLajl ^jL£ Ijl 4->J_>ljj 4_La_*_> iS j -. J n p \ oia II <jj^-> iliiJ^J ['(0 l3~* ^" 

(MAI S^o jjSl l(jU ^Ij <3jL«H i^II 3j<j"Lm<II JjLJ.1 

.CuIj L&jljjLo icj^jaj Sjjlj (j dJj -. " n ^ >-maJ Cl(t) 4 \\^-\ III itj^uJI i^l (_jJ3> 
.jjjj-ij ifljjJa :Jj^!l i(>lfljjiaj ilLull J^j <— Sj-uj .4_aJaliU 4->jf>ljJI 4^_>^_ll I (j < n tin 

rtj .n upll Alj^aJI d£ ^aJI (\-£) 

iiLgAJI — -"j jhJ^s J< au Ai7 = v(t') - i7(t) 4^111 ... t'.jll iajjJJl ^ ,7,'r, 

j-l^^o ^ j t' = t + At j*^ .(i-i6) ibbdi ik^i^ 4Ujiuu 

&La >Li ' "I j ^ ' ' ~ « ...^ 1 4^q^_uj^q j ,^\\ ,t + At (j^O^ ^ (J^O f * ...^ II 4_c^vu 4 a J o^g 

ssLaJlL S^_^JI jic ia^Ji I o mi'i 4 La ■» II (^1 i-sj-tu Ljj^Jj licLuJI ^jjliLt jn'sf 
t^O-s'tl (jlj *r J^^kJI (_>nii La^J r(t) ^ r(t + At) dgfl-yH ^\ .i^LJI v_, jLE^ 
j^SlI .viuQ i^^^iJI jljix, (jislils^ f J^kJI (_>uii La^J v(t)j i7(t + At) 

f J^. <£j^a£ V V t^(j~>"U ,1^ ijjljjl L$^lj ^ r (l>;o->"U £>u ijjljjl 'till j 

if At jA, At J"iLa. aia II 4j=txul^j ^jUS U ^jjj^jUI Jji= UJ^i .iliaJ J$ aic 

.(vAt)/r ^ r(t)j r(t + At) ^ iijI^U ^Ul o^LUIj 
i7(t) Jjj i_iU_< LlaS Ijl .At -» 0 Jjjj LoaIc Av /At ijLgjJL ^^al^ (^jaJ 
cLaJlil ^ Al7 jjjjc- (jj^-J 'L^a^'^l 6-° *^l3l tS^-^ o^- f (t + At) j 

^Uii* ^ ^-^ j ^Jiii .(\ ^-^ ji^, ^i) v(t + At) i^s ji i?(t) 

.(jlJLajLS (j^LtuJI (_g^l <n"n lili Lj 1 1 SjcLS Ij-ijIj j 1 <i" At — * 0 JjJJ Lojjcj nj^-sLtuJI 
SsUjj^l (j r tSjljJJ 1? iikaJJI ix.j^JI 4jaJLo J^. ijj^ac ^ty^" Al7 <dJoJ 
4 'i i i"i La ^JJSlJ icLtuJI cJjliLc aUsJjl (j 4^_^a_Ll I <l I ^. i^. ifi IjjSi ^^jij) ^n's < II 

:^j5> 4 La ■» II 4^." n jljia 

\d\ = lim (1-17) 

At-0 At 




lAv |/f = (^U t^Lg-jl i?nn ^ Y-Nj N N-N j< & j ^SLJ! m*io ,>ilil.! j! Luj 
ILal t'i,M^I <3£-aAi dja. ua r(t + At) j f(t) c$-; ijjljjl ui "'J .|Ar|/r 
.| Av| = v 2 At/r .v At ^^i-l! J^kj |Ar| jj^J! J^k 

L y Jaa H I - -~jH (j^ d^i ^JkL^jlj f 2 /^ jloiil <J 2U .It £L=JLa J Lilj 

«=f--)f^=--r, d-18) 

^o-uu a * ua II ^ * a I ** SjpljJl j^^ya ^ya j\ m \ 5 i-\ 4 a J Q ?" & ta 
((j^^il 4-ia.Lj J a "■ a « L^jl ((Sjj^J- 01 ' " •'"JJ$J*I d 1^ * II ' SjLc I j ■! ■ i LiaS 

.dv I dt L&jljJLo I -l itxuLua 

ajfiAjJi ri^wi as ^ji (r-£) 

j^j-o (^)-a d ' J a J 1 1 *j j '^11 (jj^J (SV-^ J*s mi) J j i j j ^ LiLkjl lj| 

U^jf ijua. <r = r[cos 6> i + sin0 j] p.""? U £ji»$J.I ( _ s l=. S jjU! 





Liil :\Y-\ Jii 

-(culS) d6/dt = constant j dr/dt = 0 
df T . 



v 

dt 



r \- sinO^f-i + cos <?4~/l ■ (1-19) 
L dt dt J 



.IjIaj d/dt(cos0) = [£j/£j0(cos0)][d0/<2t] iLuLJI s^Ls ili 

jjja'ilL I IJ/AJt-Q 0 ijj^ u' 1 '^*'"' 3 1 ml i all J-iial a" II vZj^jLsl-o (^1 Laa.'j 

(jl Jaj=k*i! .S^jljAJ ^ojLo-a <^JLo V <jl I a ^j^^-j ^1 LiAjI ^y3UJJ .(^^IjJI 

Ij^j .v 2 = (rdO/dt) 2 (sm 2 6 + cos 2 0) = (rdO/dt) 2 
.-(^-Y \-cos6i-smej] = -— r (1-20) 



civ 

a = — — = r 




jijc ijj »2 1 i^ij^il 5jil! ^ La — J-c 2 US'. ^| ^ ^^Li <jl 2 . . .j--" II jjjLLaJ! ^ 

2U .11 isUjil (^jIjj <9.8 meters/sec 2 Lli_>£; 32 ft/sec 2 <_sjLujj g 3U .11 

.3 < i^ijSil S j^JI j£ j-a £>L=Jjl ij (j\ iJiuuSl 

(j^j^-i^a 4_i_ L ^j*^| Sj^JI j^j-a 4_flLtuXI £J,>a £-a I * in^ r. ) mLu « 4la *JI jljJLa 

2 U . II fcLaJjlj jljS n jl lie I (j^-oJ ndljJ I £ I La .(jiaj^l j^j-a £>LaJil (j 2 U . II d^". ^ 

■ 2jjULa lia. S ^ it if-i Lg-li 2 . UA. II jL*ji!l (jjii ( _ s lll 3n U'.l I Jjja. (j Jaii i>J-llj 

.«(j-o cj_>SJL» SjLic 4 ■*■ «j La I3js> .4 1 SjiJI j Laja 

ic J_c I j A.I ^"Ij 4 1^ . II jlja n J^Tn i "i! fl_a^JI 4-ajliLa ^LiC. (j 4j| J_£ J^jj 
^Lfljjl c-UjI Ja in^i 2 2U .11 ^j^j J.c.1 Sj^-i Ciii2 lj| iLua^ua-*.) a II 

I H$ a ■ "i! (2 US'. J_c.| i'k- I j .a 2 U^ III r.f I .As .Ij .1 j Uj5 ... pLiiilj iSjill 

(jJiijj US uu a.1 iiiV ^ll JJ-a^a. (^1 4 Sja-> «gl Vi~ ui la (jIiLalll (^-a 4_La._>ll £>jj5> (j 
a ■ II 2£_>^. 2 .a .< V|j (2 .lol i ;".ll S^flJI (j^aoll -j) (^^a^J! (j^ LS I aj Lii^ 

jSjlc I '.'.< ^ . ,£l U. I I 2 . . 'j~-"'H JjM a ^ II J Li£ Ijl (dJj £-aj .La S jiJ 2.1^". 

- I '"^ II 4^ 2ial-J,| 2K ,,.V|I £\ny (jc 2jLa.^Ll 2 .< .".I ^'. .< II Lxiljjl a.ljivliul 

■2ji^jSll 2jjjUJI 

_/\_toj i . ' 1 1 3^ 1 1 ^ Ij ujj I « i ol *j i ' uxjSlI 4_flj^iaJL j^a-LI 4jja-^j ^Jlajj 

tj X jj^.11 (^1 ^g-aujj .(2jjiajS!l Sjill j^j-a ^ LLjLa. (_jl) J^.1 Jl llxol j 

t = 0 (^-aj jjc a I ma U 1?0 2a j^uJI J-flJ I X jj^ U &LaJjl jLLLj .^yii^l (jj'imli 




^jJ3 .a* = a z = 0 My = -g ^ 



:J! ((l-lld)-(l-lla)) 



(l-21a) 



v l = v o, y - 2 9 (y-yo) , 



y = yO + \ (Vy + VQ,y) t, 



(l-21b) 



(l-21c) 



y = y 0 + v 0 , y t - . 



= constant = Vox, 



(l-21d) 
(l-21e) 



X = x 0 + v 0tX t, 



(l-21f) 



v z = constant = 0, z = constant = zq. 



(l-21g) 



rr 



4^_>^JI 61,^*1 (iiljjj iZq — 0 <jj^-> " *»■ ' Jj^!I <UaAj Lojlj i_ S_j-tu 

uua < f>j ma II ^IjIj^I £-ua>M jit J-uaSlI ikJLj La SjLc .X->" (_gj~.nU (j iiKJI 

.LLs, (jisiL^ •>! J-c^l j ^1 o^jLtll (^Uj ,x 0 = yo = 0 ^jS-j 
J^. JjjJs (xj y 3JsnL*JI jLuJ.1 <JjL»-o J^. Jj i^^. II L\j£-aj 

■.J .(l-21d) j goUJU o^^aUI ^ t j (l-21f) <JjUil 

^O- , , 1 (x - x 0 ) 2 

y-yo = — -(x-x 0 )--g - 2 . (1-22) 

v 0 ,x 2 v^ x 

i|> i '"^ II ^jjlajj^l ^ jil jjc J-ua^ll 2 US'. LlsLxij I j| .^jil^-a iljL*_o -I x ' La i£s jjS> 

jLJ.1 SJjLjlx, ^ji; ojaIc '(foy = fosin#j vox = vo cos 0 JllJLj) x 

: ^ 

y = xtan0-± 0X (1 _ 23 ) 
z (vocos 2 0j 

(1-23) <JjL*il j 



0 = x 



1 gx 
tang-- 2 y 

2 fQCOS z f 



(1-24) 



.x = (2v 2 /g) sing cos 0 = (Vy/g) sin (26) j x = 0 Ug-1 itabdl aoa 

6jjc pt^fr (_$HI (jl^-l-Li Lij^J (jj^l j.'wllj iJ^Lk^l ikJLj tliLjJa < jA> JjSlI jiaJI 

r^l iifljjUl 

V 2 

R = -^sin (20). (1-25) 

l( _5-a3S!l OaJI Vq jjjil i&ji J^Lk^ 4t (>a lA-*- 0 jloil ^ail SjLj LiJ j! Ij| 

.0 = 45° J\ '.^^ iajS sin (29) <> J*^ ^1 ijjIjJLi J^LU)!! U 



y 



j * 




Lk,! Hii^, .y max - yo = (voAg)sin' 



«(l-21b) 



.X = _R/2 ^jij LaOic- >" j-ijiu L)j£ a I I .^iKl! 

40ft/sec iiiil j-^ ^ .(^JISJ! j-»-> _>^JI JajS ...11 3£_>^.) Jlia 

jbS n\ jJajjj jj^i j-sljjj j*-"?* J- 2 - 6-° 20ft/sec (j-c-^!) ij-^b ^j^j 

.200 ft 

SpUL j-n. a 11 I Ajlg. ^jj-ll j-"-^ H (j-o 4-ili^!i 4-sl Mill j t u ^ • 



.JZ1\ jLaJ.1 J-t (l-21g)-(l-21a) oliLxll 



ro 



(h = 200') (See (l-21d)) — - h = v 0 , y t - ^gt 2 
^ v 0 , y ± ^v^ y + 2gh 



(1-26) 



9 

^jJI ^jJI y>> <_JLuJ! jjaJ! .31,^11 jj (4.215 sec) i_±^all js^J\ 

j 4_i_to!j 2_£ juii ^>$jJ1 (J-^*^ J7" a II t—SJja fcjl^ <j^-aJ 

(>o ur^l pj^l (l-21a) 2JjL*l! .20 ft/sec L&jljix, ii-uilj *Lc 

(ji^u .(Ji-J^! 114.88 ft/sec ^1 ^1) = 20 - 32(4.215) = -114.88 iilLuil 
.(l-21b) iljLsdl ikxul^ (t oLo. ^jj) 

.x = 40(4.215) = 168.6ft LuJ ilLuil <> dJtill pJ^U 4^uUL Ajjjj 

ikij jjc Sj£j i_j ^vAU jaJajjj .(Sjj^La Sj£J J-=JI iajS mJI 3£_>^.) V- \ JLl« 
J-C.I 20° isUjj! (j iij^Ai! SjfQJ ic j-uJI 4jsJLa (jjijj -4 ft jljjLaj (j^sjSlI gla-u, ^ 

"jujLaJI S-acLs ^ 350ft jjlj J-t j-Sj 20ft 4x.UjjI 

jl la II jl".^". \j< II ,-,'.!< I M J l ^ II J~ j-*-^ i—uLa II J C j" nin JS~> Jja. j-i (Y) 

<_j j- Atl ~l U"jl 2 US'. Jj^^l 2 US'. i(l-23) jl Mill 2JjL*-a ...'. .J^JI 
.cos 2 20° = 0.8830j tan20° = 0.3640 J 1^ .5 jSJL. 

16= 127.4- 18.12of — ) 2 => 

V vo J (1 _ 27) 

v 0 = 141.2 ft/sec. 



n 



y = — 4 Lij£ nj, <(l-23) jLuil ibL*^ j Vo J icLiU! sia ^l„^~ mb 

1~m ou cjJjiiij .411.0ft ^jj5> X J c-i^al! jiaJI <jj^^ -((jAj^' g-k-f d- 6, 

iJjb^ (>) x = (vo/#) sin40° = 400.3ft y = 0 <j! -t^b x J 

L&jbi* Jaj^l ikiU x = 411.3ft Lu= .4/tan20° = 10.99ft 

..Lis 3.5" 



j_c ja-luj 4_i_iiiLj SjL_LoJ (j-oj-ii icj^uJi 4j*sLc jS-tu . \-n aj Lo a X I 

.t = 40 sec Jl t = 0 <> SjL^uJI L<$i*_k2 ^pJI IaLui.1 (I) 
.t = 60 sec Jl t = 40 <> SjL^J! iU* ( v ) 
.t = 60 sec J! t = 0 (>a S jlwnll jit! <^ (^) 

Jj^aj ic j^uj c^jJI (_y^=>JI ubf 3- £. j"-"' i_r^ -101 km/h Jl^ L&jjjLsLa 

.88km/h Jl La^bl* 

^ .50 m iiLuxu <Gc Uoilo ^yjJa SjjLk-a j Ijj ^1 (jA/lsl (l) 

?(3-ajJ! IjjSl Ale- J-g-flJI I (j ■» U< ^jjJ! SiLuil La S^yjJaJL d amjj (^-ojJI jj* Ag-flJI mm 
JjS 20 See Sjl uaUl <Gc jljjLo ,_^c laLtLaJl 'J flJl *, I taj — I 

4-iiaj S_/LflJ (_gj ifiQ II <G^j^u jljjLaj jlj-n" mi*^!I ^^11 jjjalxuj .g-L/Luu ^1 Jl gtLa_i ^1 
J-C IjjLS Ag-il! J1=>J 6ia < ^-ill (j£ (jjjJaJI l^ojilj SiLuixi (_5-a3l La .Lu Mi't Jjial 

?4j dLiudl 



rv 




10 20 30 40 50 60 
(sec) 



(j-o Lj-^lj S_>^ nj .3m L^cLsGj! SjiLi .T-N aJI mi l 
:i_mm~J .SjiLiJ! S-acLS La>jjUJi 0.400 sec j-»-> SliUJI 4_a2 ij^i _>^Jj 

.SjiLjJI <La3 Jj^ji Sjill 4-iJI Jx^aJ — pj-fljj! (!) 
Jx; U j j , ^ ^ lil/U j i_S jS lj .A 4-iJ-l!jj J-C.I '■» usj . dJI r 11 1.1 

^lus^a ,_^c. _j-ail <^ya pja. (Sjfi^ 'J .200 m jl la a lW 3 ^ ^1 »<tl 

-t ...I ^ jlj'^l «_>ll^ '(2m/s 41^^) .'l j^"^ 

gj^j null — (jLiLlfl CjjjI .200 m (j- 0 /e-a-ail a .4_uLa-j ^-mJI ^1 id^aJll I 

4x.^u_i ~* * ^1 "' * 1*^ (J^- 0 - 1 .4jjL^j 4_ll J_l ^jjs, Lfl-)l luj * ^1 — ^_i^j-a^ 

^1 Lgj^LoJ ^_i^j-o^ />lj^"t I a I la»J ml L$J n mi ^ j-lc 7m/S I ft^ljiS o 

( 4_il^ II » ^kjfl*i mi ^jJl) ^oiaII aI lajj ^ * laj mJ^g 6m/S I *tjl U3 o <Lc ^aij ^g^aJS 

.JjL*2l! ^ysi j-oil J'JLL i mil 2^ vixil^j (jl Utl jc|_j3 idljj iilLLxs 



VA 



jlx&l iuLu d£ (Y-"\) 

f = [(2t 2 - 7t) i- t 2 j]m. (1-28) 

.t = 2 sec jic 4ic (!) 
.£ = 5 sec jic tOlax (cj) 
.£ = 3 sec j t = 1 sec ^ 3Um jlll 41c. ^ (ja.) 

10.0° LajljS n iLlj i-ijljj J-i-oj Jj J^ji gJill J-c. jaa II 2_uaLij .-.^.al .V^ AJLaJJ 
.Jill ... jj^i lliulj 6.00m ^LsGjI Jx. jaa II 2 US', CuL^j • ( _ S -Si^!l s>L=vj"i!l Ja ml 
J^jl mill jaa i .^yii^l bl ^"^1 J^.1 15.0° Sjjljj J-^ jeell 2 US', V.<- j ^ \l I Jj-ojj 
■_■ —--I (j .<j 2 U ...ij i 3Lil j-sj j^jSj (^1 (jjj) 30.0m/s L&jlja n ic j-^u 

.Ja^j^JI Ufl*« ^**~ jaa I I d US*. 4_L£Li^l 4_sLujJ.I 




.v-\ iiLui ^ :\v-\ jii 




.A-\ ULJll ^ :\A-\ Jii, 



La .1 km is jl»3 . iWaj ^jLi. jLU! I4J S^»^ J^-i J-C- pLAS < Lka a .A^ ilLuill 
L&jljiLa 4 l~> ■» I jLta^!! Jx (j^i-^ in (j^ijJljj (j^J 4j JjJj (jl (j, C5->JI ISJJ- 1 -" <j-°>" 

?g/5 

(j la ni ^j (j-°) (^J^JI JLiAl! j^al! J*iLi. .^-"^ 

t5 ^s5l cul£ I j! .300 km/h UjlaS-o jiu ^1 . — . s 1 1 (S-a^L*.!! ^U; & lj J! 

ij^-a^a jUa , a.-^'. J3| La <0.05 g (jc J-ljJ "i! jLtaJLl! (^j-a Jx cjI£_>J! L$J (j^ijjdj SlaX 

1.20m jjjJI JjL Ijl .(N J£_i ji^l) 1.21 m/s 41^2 viuLi 4^ ^ jb5«i 




^till J^AJI 

:£Jtiflj J^Vl 

*J>\ l&JtuJ 



J£i -^SU-.II La>jLuaI2l» ^ 3j<jniNKJI Kj'%Kjt,L ^LaIa>NLI J&H\ ia-<JI J*J 

^J-c (j^J_9 •P't^^ ij^ <l i ni^fc.] ^^j^ Lj <^^l^Jt (j-ol^ja J3" ' " a 

La a Q £_±laJLi (_£j^a^-^JI (J -0 ^ [-S^^ll (£_aILll CjLa^l*_LI ^J^* ) 4_S^jua LiAjI £_>ll 

£j$[s>- (j (j-Gl^jILl! u t-T< (j S_/^iJ! ja< i <_jLtuj£lj <4 ^. Sjj-uaj (j-Gl^S-ll 4_> ^Aa" 

ij ^jljJ! (^^jjLSJ! (jSlsLIj i_s_jjjjj niJLjJIj Jj^l (j^-i^jLLlL LiA tla n (j^-j 
(jiuJ (<Gc JLal La J2l) ^>Ul_jUI £>jj5> ^yjj" JILj (j ^AaUl v^S^JIj .Jllll Ji^all 

.LiiLi lISj 

tf^JI :J$I jj^u j^ila (\) 

(jj/^ gj <j-a 4jJLa- J^sL^-j a gia» I^ifc 4jl oJ^i ) (j^^-ij 4_1^ j^LC La^ t(J^!l (j^jLflJI 

£ijl\ d p "'lj.' ilLaJI 6JjS> J^-l lj| *^l iJjj-«-a laji (j 4 a taj '■ a 4^_>^. jl 

|j| US 4 4j_>Lj Jiaj a ma II <Lc j^u ^1 J^. JjiM (^jLaJI (4fj >Ja II I Y*< i I \ 1 «.4jJc 

Sjj^J.1 (^^aill (j 1 1) £_a^JI 4 1 in-> o OjI^ Ijl jl 4_ilc Sjj^a liJLlai (jii 

^ya *^ (^1 LijLs <4jjIj ic j-jJI ^1 J^ILi LaOiC 4jl Ja^! ■ I j a i<l (_jjLauj 4_il£. 

^ m~» II fl^^l ^ ' (jl SjLijlJI bJjSi (j (j^a/Laj .LIjLj (j,^^-! icj^uJI 4 n bLaJilj jljJLa 
ic jw> 4jjjG La iASLill (^-a SjfLil.! iU.jII £s jjSl (j ja_L*j "i! LljS! iic j^uJI (jJiij LjjjJ 

. «|% MI-> 11 



■a^j^ 'j^ 

?S^flJI ^yjjtJ IjLo (I) 

JL> 2u 

jjLa_a ic^ajaJ. 4 < mj.lL) La 4_L>_»_i ISj 



ji^a^i-a JLa.j| Llllj (j Ijl iJ-S|_aJI (j .(^LlkjIjLo (t-j)j (l) djJIJ-uJI LliLa.1 

t ^o ic^-a^-a JSJ 4 w m 'i I Li I ^. ii-l jjill (j^JjLflJI (^j^-i-ujlS iS^Lil <L^jJ_> -10 < n 

(jisljlsl (^-ajisjj «S^flll <L>iL^ ■» U a.j (j a 1 1 » SjUc .Ij-ida. < LuAj jjLa_U 

oJ |i < iga II (J-C S__jj|-o S_j3 (iJLliSi ,*j Ls j\Jla! ^g-LaaJI 4x.j*jj Lulj LlUs 4j| 

2 U ,„lj . jj^J.1 J mil j\ £-SjJI» Lgjl S^^UI i—Sj-*-^ .Sj^jjJI I jj » I (j 2 aK II Llalikliul 
JJU a.jiij i_S^tu) L_a£l (JJJJ-1 ' ° ' j «J 1 1 Ijj3> «.SjLU (^-a 4 * l-° J-C SjLU j^j-a 4 » Ua 

Lai ° «S_aILll» (^jC- a Kjj (jl Lil ■ 4j| 4q <5~> J-C j£j-> (j^-lj (SjS II LLa£ LlLS JjJS 
JjjJ ^jlll SjLU 4-*_k2j S^flJI JjjJ ^jlll SjLU 4-*_k2 J_£ cJ^-*^' <j-° (j^ «"» LaAiC- 

.S_jiJI I (jjlr. 

4_aJ^ ^Aa^i <m'< Lojjx. 4_ijjj *^ Loj 4_ilaj La 4 U wm i II 4_liLa"i!l jA< i ^-tijj-tu 

.«S_aill» 

(^1^ J^aijj i 4j£ j^u £j) U-^Nl*. 4 1 1 j*^! I Sj^-ll ftLaJil (j j-- a Jajfl m j_a • 
( _ y jJ1 4jJ31j11I 4-oUJI S^flJI 4 mini c^ill) J Mill IAjS> a II J mm Sjjisj^l S j^JI 
;«S^flJI» J^iLa a I ^jjSi (ja-aJl J-C 4 1 1 j^i I Sj^JI I4J JJJJ 

jjjj .S_aUI £>AQ-i JJJJ ^jjJI (Sjjisj^l Sjill) Sjlil 4 ■» Ua 4jjj ^ ■ t-" ,„". LliVj 
La S^jii ^jLllI I (j Vs Sjlil ^ya 4j(Ja2 ^1 Sjii (jSuLajJ! t^^t-ilLi iLlaisij 
.SyvlLva I (j mioI" (2jI (JjJ Sjlil (jja (_j__^i.l 4 t U a Jx 
Sjill LiJjiij .4^j^JLa OjO^. 4^_uj 4j^c J^k-lj iuJLa. SjJ-ui ^3j-a _>jjj • 
lj| .J-cSl S_j1j 4jJc (jiiU" ^jJI Jjilil I fljlf, jSjj Lalij iJiuuSl 4jjisjS!l 



Cj\ flinn 11 IS nLLojl :iidUl]|^ Jj-ll tjj^j 



La-lg3 liliLi ^ i mi JjlLo (jjiLaJj La»li£ .S-iaLa. CjLSj^j^H ^J-* (1x3^ ^ 

,3 iijLux, jJH ZjSLi .'Ur, jSJj J i_wm-^ II Ua£.Lis .jjiill Ji.b ilS 
lj| (.jLuh AAc. 4^ jS!l S jUI <j jSj^ ^jJI j mil £>La^!l j SjLi«,j jbiil 
iSjj -nil J^. iiiLil S_jij j-*-LU ^Li l(J _aLaS!l aLa^l (j 3jj-*-1I v2icjLuj 

jni <) jic .JJLflJ.1 __>$-La 4 L-i ml^aj I oUJj ^La^Ll 4 (j j n S^ajLlI bjiSi 

5Jaj ii i <-i n Lgjl (jl-ilixu ^Ji j (^\i,<fi\ -LaLLall j!) i^j^jJI clilll 

ji in* mi jl Lai II ^jl mi" fLul jl Lai II LgJ'iLa. & jl — * i ^jjJI 4-iiajJI SJLflJI s-Liiil 

cll 'i ^ ujjrtjj "i! ttdJj ^-°3 . jj a LI 4 1 I a-j j U, ^ijj La I \ i mi S ' ■ '"II 

(j\ IxoLol la j ~i Lii"^ iijjjJI ^yilaJI f-^^' <Lva.L) S ' ■ mJl £-SJj S^a2 (_jl 
4 lil-i. SjiLi iijjdl (^L^ Ijl) S 1 1 J-c S_aiaJI £>j$-> jjjj SjLU ^ 2 » Ua 
SjLa ^a 4 aa 4 » Ua 4jjj I '■ » U" SjiLill bjjS> gjLa. (j-a LjjJaj Ijlj 

jjJj ^jjJI 4-ujLaJI S^^l J^alLlI 1 a I iSjjjJI i Lla. a a a (j S./\-j£ 

(.1 j-& (^JJ *^ £-iLaJLi I jj^l I . alA. I I j £ 1 1 ...I I J | | l,\ A I ^ * 

^^a-L^a-o La Jj^aAi-ua dJLl& (jl^ ^|^9 tljia. e-LtuLa 4_i^jl1I 4 1 1 ^ j I CajI^ Ijl 
.4jjj<JI £jLujj uilaJl '■ ■'Ij-.* II (j I in... i'i.^II ^Li <4 i i^ij^il Jx. 
J^aij i^aj Mia (4_i^jtJLi 4 U ."j ^ j^aLawa <J*i!jj ^aJlj ^-L^^all ^j"l JS ) Lj_clS Ijl 
dllii (j| "il idJj .4jj-»U ^.aU I I f>?JI >aj ^jLu^ Jj^JiuaJI (ji 

(j-o 4j«Ja3 (_jl LlaLal Jja_j ^1 ^ it-i" mm L\j"i! i ala II ^a-j (J^ ^'" 1 ^ 1 ^ J-SJJ S^aS 
(^jj^ij (j^jjLa "i! iS_aiU JjJ^sJ.1 LLa^giLaj idiljJ iS^flJI £>Ag-> JJJJ SjU.1 

<lxa.L) .4-£jI mmI I 4j__jJ(JL 4 Li njj jjLa_a LLa,,^" mi! Ijl I ^. i^. ifi Jj*i!l 

Jj^l llA*^ '(J^J^I ^La-mJ 4jajj_ > a jjLa^j Lva,, ^* Mi l Ijl 'C5>a.I 

J| mm n Ij-Aj i *i! Jjjjj-uaJI icj^jj (^jLi jjLa_M 6AgJ 4 i mjJLl^a .La_ija_ua 

llil^ ^j's i mi aLli^C (^j-ll «S_aiil» I 1 1 mm L~m mmII j^j (j a 1 1 (^1 (_g_>j i— S^-tu 
(^j^Jj i4_i^jjJI LuLua. (j (_£_aiLll (^j-o J Ij 1 1I i_SjLuaj Llil .1 '1 iAljX.1 4_ijLjJ Jl-J^ j^a. 
jjjj (_jjj| (JJaLxll! 1 iJaJI 4j*i!jj Lxxaa. Lfl> _/ mi a" (ji-aj 4jLi ijjjl (j » oj > LijJaj Ijl^ 
(j-a jl^ij i—Sj^u .(_£,>a.l J-C (4^^^! Sjill SjLc Sjlil (^-a Sj^a-lj 4 ■» Li< 4_i 



<jj^-J LaOlc _>i.S!l J-C ^>\-n oia II .A^.1 I4J S*$i «(_>uLajJi» Jl __>i.S! (1>J^- 

££j^a-a^ cj^)-a t^Lc 4^.^aJ t&J-A ((jjjjLajJI)) (£_aiLl (J^^^-J (jl (j^-o-i .(j^-iu-a'bLLa Lajfel ^ t-* mi 
«4->J^aJ<-ll S^flJI)) j JIjjJI J-C ^Li^^ll ni <j la-mil (jjjLaja cj^j-oj ^ U mil J_c 
(£^2 Lgjl Ja '< ni< i^^SJI £>AgJ ^yjj's nijj^-ill mil I '1 m^. Q Ijl .«dK"~^l S^aSllj 
^ ni~> II vZjLu^^?- ^ "' tl^Hi mi-» II »i^l (oljj Jl) CjLu^^?- ^ ^ "' LA- 1 ^ j - 1 _>^ 

pi mi (_£jla_> J^-S t^'i-s Mill 4 1 11-1^. n (_^l oLu^^AI C^- 1 ^ cr^" -J^ - ^ 

LoLoj ^Ii^Ljj 1 4_i^l^ <L^.jJ_> Lgg-xra-*-) ^yi ^Ijj^^?- _/LS-> Lailcj .4_JLluj 
Jj mU" i_i I t-i" \ ^ t i-i^. II (j mi-\ I .4 I m^. a S^a2 <iJLuS> ^jijj ic^Hll i^l la mil (_5^oSJI 
LijLi tiiilj ^-aj ijjjjLajJI ££_&ILj mi s LL a Lijj^ mi^qj^ * a La^_S ^j^-lJ ^-jl_a2 

iaLgjJI (j La^A M.a" iiiKxil ^ j^jj^Lla Li£ lj| "iM Lilacs! J^. S^S ^1 gljjl <_v<=-s>> 

CiLaj-uiaJl) .La^-ilK j\ 2 . ,„.UI\;I I jl 4jj jj< II (^^aUI j\ 4_jl2Lilll (JjSlW il^Jj 
^ fc^g *« I I 1 a ) l^a t4 ) '" ) ol j 31 a^a^^^a 4 ) I Q I jj ^£^aiLl xju SjLLI ^)^a^j ^"11 4_i_tu 

Ij^jJ ^Lj^i-Sll ^L\a£jl ^LjLsj i_j-*-fc "i! .iijjLjAll SyLllj Sj^flJI S5SJI :(_J^aUI (^-a (jjj^-l 

(.ij^jjl lHU^NLa j 

ibj^^Ji (r) 

(^jj^-i jjLa-a 4_iiujJL>» :JLmj (2jI ^ 1U" mj iS_aS 4_£lK_i 4 u 1 \ La LiS_^c (^1 Jjlj i(j*i!l_5 
4 i mjJL) : ^ la a-i «?4jjLj icj^uj <ij j " < (_J_a2 d_i_Lc jjjj *i! (_JjJI a ' ma II ^1 La 1^. 
j jjLa_ll ic^ai>-a ^-a mi" La l_/\j^ SI -» <-» in Jj*i!l (j^^ (Jj^ -1 JJ^^ C5*^ 

o^AP uJ^i cs^' JJ^ =>- ' - ' cr 0 -^^ t(( o * ? *->^ jUaill» jl «jLltu^!l jLkl» 

s 

■ 4jjjmSll jJaSlI L^JI 4 wn'ilLi LLta m JjSlI 
•C5J>^ -P^^ 'Jj^' llAi^ 4ji^.NLa ^ 

^__^k.l 4x.^a-aja-a ttJLui (jl^ Ijl^a t Li j^g 1 r\ <i ljLLs| XY Z LaJ.1 ^j- 0 La 4x.^a-aj^a Cijl^ 131 
^ 1^ ^ 0^ 'XYZ ^1 4 ) m ) II * (jl^J^J 0*$^ 4j_iLj 4^^au dl^a * * X Y Z LaJ> I 

itj^u 4j ^ i ma. (_jl (^1 4 a iS~>. j^j-a guHi Ijjij ■ Li j j 1 n < IjLLal I ua 1I (^jjSi (jjii 

.X'y'Z' jjUil Jl i^uUL. iLLi 4*1^ LiJ <J (jjS^u. XFZ jjUil Jl i^aUL, 

O mi 1I itjLuiLa Jjjja. 4^_tu 4jjJ<j 4 U jjLaJ.I icj-aa-a ^l JjlSlIL Llilj oSJ 

.Ijj^jj^iS IjLkl iij <juJzJi\ SjilL ikjjjll jjLall ic_aAa_a ljLl=| 



Cj\ flinn 11 IS i"L*-oj1 Jj-ll (*>*^j 



4ja_ij_>J.I jJ-ij i(_yil_>£*}!l ^ t-i » 1 4 i , 1 1 'i I Li .LoLaj \-\ ta ua (JjjjJ IjiSi 4 0)0^11 (3 

tij^. it j-uj ^^^gJI 4j_*J (_ya_>3 CXtlafcl 131 .SJj-xjJI ft^atjJI 3jalA. Jl 4j milb jjLJ.1 
i—Sj^. 'i i mi Jj ( J-tla II ^ t-wn 1 4 t-i ujll jjLa_ll Jl 4 w 1 1 'i I Li LoLoj |\ ia*i mn t~i-». (j JaVi 1 

ij^a-JI ijjiijll (j !ajLi1I Ij-A .ia-iisjS!! SjfU! ^Ijjj i-i < mi < ^j^j iis 

ic^oja-o (^1 .LoIj ll j j i < ljU=4 o in il 4 1 1 ^iji I SjilL 4 t-i Ti^il jjLa_ll g-^Ks-'j 

-w^lll Jl 4_1 m'lllj jjJj "i! ^jlll dlJj jySi — <J>g-"' J2l (jlj — J-iiaiS!l jjUJ.1 

.^jjijjNjl Sjill j^j-o £ja Lg-Lual 4 Ua'i dj^aJij Sj-uuJI 
t-i in 1 4 t-i i"ijj.l jjLa_U (jl g-^JJ l_S"^' jJil^jiaJI (jja (_£ji.l SjjSiLia Jjjjj)) 
(jja J- 5 -" J^J- 1 4-ia^jjll 4_i_toljJI Sjill (jl .LoIj L j j i a <) IjLial i* i mil 4 1 1 ,-i j^l I Sjill 
4 1 ni'ilLl JJJ-l (_gj" in n (j cjj-ljjJ i— Sj-to ^Jj'l-^ II jl JLoJuJI i_i t-iO II (j <— ftiul 
.Jjjj-iJI (_gj" in n Jl 4 1 in'ilLi 4 1 ii-ij^ll Sjill jjJJ Lajjj (6J n ill j^j a '1 1 1 
L^J ^^L^-o a i^* Id^J i Ij^ 1 1 CjIjIj-o i 'I -"^ ) (jjjLto*-!Li I al^ a ^jJ^-ij (jl^ 
ic^ajaJ.1 ijjS>j ,5jh ill j^j ^ ' 1 1 4 1 in'ilL jjJj t(jnn (Till jjl 4 1 in'i ILi 4*1iLj Jj^al Ua'i 

(jj^ 6^ ur^- 1 ^' 6^ 6^ est) J-^J <6d: ?^ 6^ t-i*" " I C5JJ-^ jLkl JjAil ^ 
II JjLS ^c.j Lg-jl in*in Lijlj (JI=u)) (_jjJI "jll-l I pLAflJIii (j 4jjIj j j I a 1 1 60A 

ijjL=>J.I &AgJ 4 1 m'llLi i^l _>i^ l-i~>.*^! «.^j^jLi. c-^ii (_gLi iS*iLc 4j (jjij (jl (jj-i 

^jNLlI ^1) cJ^ljiU ijJjJI <laj^l (jl? 1 H Clijlj-a (j .'Ij^** cj^IjSJI 

jl-> fl II i Q-^** Lj^jia i ' ml (^no (Till J^^- SJaI^ Sj^J '_*^J^ H ^J-Lcaj 

iiLeillj tl^-ul^jU j 4^1^ j. i^"... l .Y / V ^1 Jl 

Jx. (jun mil LgJjjj ^jlll SjSlI iia^ iljLsL-a (jJafcl (_gjJl) ijjjUJJ ^.L*JI 4_j^jLS Jl 
Ljj i a < ljLi=>| (Jj^ iiia_JI J-lS jjLa_ll (jl (j^ajiLi ^1 l-i~».'^La _/i ma*il (cj^l_jiJI 

.itLai iSjj JLa> i_uji jldxi OI1I1J (jl ^1 t-i*iml iiiilj (j-a jj^lll -lljj^ <iila^ jlflJ jl 
_^"f» 1 « J*|l t — < 1 1 t\ i^i a ll» j^j^j in (jl ^J-iJI (juSLjiiJI Lojjj) a t-i 1 n J^jiLi 

Sjlil ^ajLIj liLjji ^Jjjlj 4^jj i^all jJaSlI (jlj i4j ^yj-x-o *~J jl ili.jlj-o Ll^giLo 

(J-U1 1 i^i" 1 Jais a.^flj (jl — o (J-C SjJ^il (_5^jSJI Jj^uj Lajjx. — (_£jL*J! ^ya ,6Jn ill 

p m-^ II (jl^ lj| <"*lla iiiil^ is. jjj 4la iijji (^ji-I m-^-I ikxul^j 4aJx S jjjil ^^SJI 



jilsu \Xi[ <J±^-) cj^jfUl J-c SJj-xjJI j\y?-iJI L4J _A>j (jAJI SyaJI jLl^l (j 

"i! SjaajJ! ^ ^a-lll (jLs <idlj (j-o i^ijJljj .(S5UI idt ._i m^. '1 ^Jlj^ j^SlI j-SIj j 

(jiin nilLi 4 U <"^J»I jjLa-oll 4jigJ.I 4 Q ir^ll .LgJ 4 w m \ I Li 4 ^. ta i<i (jJJ-" (J^tj^ (jjii 

.(^AJI f LkUI g-jU. iiKJI 

Jli\ <JjA\ 4£L&\ j 
.SjjJuJ! j^j a-ill 4 < mjJLi jjJj jun miIL 4 t-i njj 

Ol n i II LS-ullxol ^lc ifijiiJ ^^J^ ^ij^ (^) 

4 1-> f. (jl J-C — JIjJI J inflll (j 4_<iiLsLlj i— S^-tu (_jjJI — (^yjLjJ! (jJJ-" (J^L^ j^' ' 

I iX «S_jSJ!» i_Sj_)-*j ^jJaj i_ S^-tu .S^fl-Ll i_S->jJIjJ LujLujI 4 0 1 0 II 6Jj5l (Jl-flJ^ll 

jj_^Sj ^yjLUI (^^jjLSJ! £j\ ^-uz\^i\ (^j-o {jjfi ' <iiljjj .(_yjljJI (2j^jLSJ! 4_<iisLLa jJas 
(_5^SJI J-iLaJl ^J^. 's"\X\r jl" i \ i^sj^juj .«S^j3» 4_<iKJ i_s-!jjij J_>^-o (jj^j 'oj^-II 

.CjLo-i-tu^Al «"l" ..Nl 4_lj-ol ^yC 4_to!jJ ^j^jia 

.Laijljij nn ^jll! 4 Laj ouJI aAll jijJ! 5JL=a. 1S5UI Saa.j 3 < m'ALi 

^u^) .6^1 

■ S* iAj Jjdxus ij^-jj LgJ JJJJ ^ylll S5IIJ ^jLjLa-o !3j5> uJ^-J OS idj^jjJI 

(.aJa$ "i! i;jLi*il 

aUJjl (j j in < j^-Ij jLs J-iJ-aj (j^-°-> .S^jiU Sj^j «jLflJI» aIj^Jj miI <j^-°-> 'Lgj^ 
4jnLj (JjILoj (^j^-ojj .&LaJj*i!! <iilj (j _/\_<iaj Sj^.!j Sj^j ^j-l 21 ^ q "< 4 U miI^j (j-t-*-o 

ola^j pflMM sUj^I 



Cj\ flinn 11 IS nLLojl IiidUlJI^ Jj-ll (jj^> 



J nl" i_i-»,Llxu 4< nil (jl lj| <^LjJiS i(jl _/Lfl-ll (j-0 <Lij^t& jIacI (J.C 3Jj(j ill \ i_L>_)JljJI 

UiU ^UJl^! <ilJj ij a^S Ijli 3 1 mi* (jji&j iaj it-ilL £-Luaj <(j-*-*-a aL-Jjl (j 

.j^LU fcLj^l j V/U <J^k f>Q au JrJj oUlul L$J jjjjj ^1 S^flJI Jlai jjjic 

juUL-o i_S-ij-*jJI (jLi i4j j^uil! jljc^l (j-o 4jj|jj-a 4_>Lgj ^ajfc g <^ in JJC- (_gl 

(3-o Jj-o (_)JiaJ .(jl j^-flJI (3-0 I ^. ta n-i IjAC Jysl£j (£3*^ (J- 6, ^4jfl ' 

<iilj (j mm jjja-o isUJSl (j jJii jl j-sj (j\ J-jj-oj (3^-oj Iji&j uaJl ^IjliJ! 

oAll ^1 j-sjJ! (jLSjLj ^j^-l ^j^-ll (jlj^-a-ll JJt pfl '"II Jj^= uJ^JJ issUJi^l 

(CjI ALa >l^a. [Ji^Jal L^J a g ml 4 U ml^J t_>j)0 II (J_JLq-J 4jLjjia Lj I mm I lAjl Lo_i 
(i^al^Ls! .lie (_yai.*i!L>j .cljl (j 1 1 (_yaf>Luai. ^m^> LgJ (^^aiLlI (jl Ljjjjaj ^ iKull (j-o 
(j-uLi^^iJ I (jiiJ .o ma II (jji&j (J-£ 4 la 5 i 1 1 (jjiiuj (jda^jjjs (jl jtflJI (jja (j-uLiji -l^^-j 
JjjUI <j£Ja i(JVl 4^-oj "ilia*) SsLj^l (jjiflj (j I (j < < n-^. J mi" Ijli N\ (j/s LjjiLa 
(jjs ,_)JJjJI .(iV2 4-»"lnl "Jj-o-o) 6LsJil (j I l£l Ijli Afe (j-o Uj£lo J^-SM 

^jJi.l^jjJI (j-a jllil£_l (j-aljjJL> (jlj mi \ (j-l,jUI (jl Jl-flJI j^iLlji (jl g- 1 ^ 3 !^! 

ATi + A/2 'LaJlJ.I SsUjjl jjS> J^jJI Jjji-ll lj-& £>U-jI (jj^-J (jl J^-aJI (>o LflJji 

jiV.I ?iVi +JV 2 <^1LI J^k ^1 i|JVi +JV 2 | 4 a 1 -^ 11 J ^ uJ^iJ 

< 4jl mi*^!I (jjJ I o"'tft_^j (^j^-ojj (2}La>_>j Jl ^1"^." 4_<i^o 4 t-io'i Lla> LujJ (jl 

4-Laj » mi LuLi <(_gjjj^ I3lj 1^" Mil (jLjij-JI !3j5> (jj_/\jju »l3 pl__^SJI (j-o JjJjJI i^y&J 

•([^fl?*° (jl ^1jL"I] -(g) (3^ ^ ° a ^" 4 9 ii^ttj 

* J * * * 

^ LljLi (j n-i (_5^flJI JiLoj Lajjx. 4jI ^jj^jj (_5-*j (jl (j, » ' 'JL^- (_gl J-t 

L^_1j-oj Lo^j-a (J^) (J - ^^ C^l" (J ^ *' 0 J * J ^-^1^9 'l-^l^jl^ ljlj^-a Sjfl II (jl JaJLs ^ * j 

(J_uaLi. 4^aJLoj 4jj^-o iSjji.lj S^jS (jlfiil£j 4 U 0 \ 1 1 (j^iij (J-C (j-oljjJLi (jljJj^ (<^JLo 

t4 l-iS'tll (jiLflj J-C (J^J^ (jjs JJ^I (jl <iilj (j-o gtjj-i ((.(J^j^jSJI (j-GLii ^ (j " n J- 0 ^ 

• Sjjfl*^tl (^^^HJI (Jj-oj I CjI ^a^xll ^- a ^- ij-" 3 ^ - 4^JLo_i 4 1 i Sj^-I^ S_^2 ^fll^j 

Jl 4l"< II11 j .iikliJI Jjill (jljjl iASllo (jS!l Ljj^-aJ 

j2 d 0 1" A. t 1 a '"^ II fr1j-=>-1 (jl 4 fl 1 0 ~w JLqj&I 4j iA Una jm]'i LlLxaJi 4_=^jjJ 

(j^_j|_a^ (jl — CjJIjJI (jj^^a-ij (j^ajLBJ ^ a uj — *-!L^. (£j±uju dn ^ o CjL^ ^-u L^-l (j^^a^j 

j-i^l 4_i^jja a.1 mi-^.1 ,_^C I cajl (j"< U" (jilj 4 t U S 1 1 Jjill J-C US 4 lA>" 

■ 4 il^a'i (Jj^ Sjc (j-o (jj's"" Ln^. a. 




jjiLi j JVi -=J — - ~ 1 1 ttfLoj ill oLLT^I (ji.a'i ,j j Su Ijli iVj ^ (jLfljjidl (jjii-i 
£t_iil^JI jo ^jjjjJI J\2 11 a "I I d IS a ' (_5 ill ftl a J^il (jng'i ij J m" Ijli ,jj> A?2 i3 J J^ L " 
J-l^.^11 Jjjjill oLsJil (j^^-i J^_<l) ^jjiJ <jllil^_o <j1 Ji&i\ ^^iLiji jl 

< jUjjU ?JVi + JV2 'twill jl^io ^ii jll Jj jill j jl jlill JVi + N2 ■=» — ■ ~ 1 1 oUJil 



j£Jj -2 U.^ II Una (JJijJ) Li£Lu jj^-> I a >'"* jljjl SJLa. (j La I a uia. jl JLflj 
u^j m Q <(J-G-*-l Li-tolj Sj^ Cjj-oj IjLi iSjAa rt 4 u aj S j^LflJ ^JjS*-!I (J-C ^al ^LaJjj tu a *jj 1 Q ) 
2JU. j jj£l ^ 5 j£JI .ikflj Jxl J! Ujic J-uai ^1 ik-JJI j Llaa I l£Lu jj£l 
iiua-J.1 S^fl-ll jl La£ tSjda a 2_ilaj S_/LflJ 4jjLj ^ fl 1* ^ Lgj"}! '2 U.^ Ill .'II" V,<- jljjl 
lj jj^J O^J^ J-^ Sjfl* Mill Sjill '(^j^-l 5^-Li j-a .Iji-" 3 '-' '".'I Sj£-JI J-C- Sjis^ll 
SJLa. (j jjS>j a '"^ II <Jji!t jA>" (jjjLaJ I S .U .4jjLj <Lc j-ju I^j^" a jl (-jljjl SJLa. 

•5j3 <uk jj£ *i jlj3l 

4js.jJj Jjljj t4 1 mn mil 4x.j o 1 1 JLa-o gjLi. a < 10 ^jjSi jljj^U JLLa U mil 
.L^J ^j-^j*" ) ^jJI d ujta II (£^3 (JLajfcl j*s f\ 1 1 j-o j^^j Q-la ) 1 '^Ij^llj (jim Mill j£. 
jljj*i!l <U1^I a 1 '"^ II Sjj^o J^^-j a.J-»J lj laj a I aj ^ I *i JL\il Ijji 

jj^_i ^jlll vlj^UsJI liit ^jji — ixojjJI LijL^. (j LjjjLoj La ^jjij — S-uuil j^^l 
^j-C SjJ^^-a (_£_a2 SdC J^J^J j^J 'lj° f '"^ (J-C- S^flJI (((4 1 ifi^. n» jl) ijL^a I Q 1° 
^^SJI £_xojaJ ^^-^^11 1 1 j| dfftj^ j^o a '"^ II jlj-^l jLs ulijJ Sa tua II 

.l^i^a jjij a aa I I Jx. Sj^Jil 



ol a wn-s. 11 K uLLojI i^JIjJI^ Jj-II (jj^jj Li^jLS 



Ol axuiaJJ (^LuOu^l jljj^l AJLJ ilia! (£) 

j-Gj^ LkcJ ((jljj'il Jlla jj\ (j .((ji> jS!l J-C 4 l"< I 0 <J*I* '"I (jl^O Jl^« 
«4 - US'. 4 l"< Lgjl J_t Lfra-a (J.ol ■»" II (j^-oj 4_fc£J! (^I Lla> (_yi JLaj .4 i i^ij^II J^. 4j£Lui 

(jl *^!La. LljLi <lja* ■» f^~i 4_tSJI (jSj jiJ ^jJ j^La. .Jj*^!l (j^j-" <lx>^ f"" 

»d iUfl*« 4_lj^)) I Ajl «"f 1 jj-tj v2aJL\JI ^J^_IJ ^^jLS 

iijJLlI iijisjl J-SJjj JiuuSl ifcflll iajiajSlI SjfUl jJuj :4jj5lll J^. (^Lj^ jjJj 

^L^UI ^ji; J jj NLi lt5 i^Ln J IfciJI J-t iiKJI S^IU ^^JLiij .J-clS! it&JI 

■ I mill ill i~>. LoLoj ^1" a n La^-jl .&LaJi*i!l (j Q-ij jl i^J oj jljjal.1 (j (j-ilijl m" n 

4h<H J-C jjJj ^jjJi iijjUJ! ujli ^dyll £>o^J.I 4-lal lujj ^ (jjUJI ^ Ltajl 
j^jljj^aJI Lgj ^ mj j^jjJ! 4 i mill .4 i it-ij*^!l Sjill dlfi-i^^ Cy ^ISJ^" 4 t-i nil^aj 
i_,jaJ| S^Sj <4lng n ^^-»,ll Ijj5> (j (3Jj5L1I JLi-ol 4 ■» iAj jLkj (j) ijjjiJI 

JJC JS! iSji»JI C)tl>3aJI (J| 4 l"i< II oljajl (jc (j^LoSlI (j 4-oa.U 4l"<ll J_£ S jjjII 
4i jjJI 4ji^ jl L$J jjJj ^1 S^iLlI ^^Sll ip.LJI (^-o .SjUlU Squ ill ol%>aJI 

(jjiiJL L&Ljj^j (((jjjLolJIn S^2 li?- c5-iJ.I S_^_ua3 ii^fi ^ J^Sl 

Jiuul (j Sj^a^jl! v^jIj-i^^' iijiJI 4 1 1 i^i j I ^Ja-LUj Sj^a^^il v^Ijj^^JI ^g- 1 

.il&JI 

m a II jjj Lo ^ ni^t. (J-C 4 1 1 I SjfUl I Q \ ^hJ-^ 4_i_ijL^JI jl ifl ^ ^auu 

Sjjij (jj^-iJ £sjlii-j Lo (_^C 4-OJ_*JI W 4^ii3 J-n" .W ^S^ALi 4J j-ojj Lo SjLcj 
LojIj S^flJI Sj^j jLflJI (jjij ^ nljljji.^jil ^*>l laj _/JI fl I tajjl ' (^-o m i Lui .S^flJI 
|> rti ~>. (_^C 4 i i^ij^il Sjill I4J JJJJ (_jjJI iujLaJI S_jl 4jLi Ji=>ll ' ''j'" (j^-oj .Jia__>JI 
(j^j^-i (jl (j^-o_i :^lj-o^ . 4 1 1 ^ j*^! I Sj^JI ^ la •" (J-C JJja-o (jL^-o (3 £^_L<a^-o jlsla ^jLijl-o 
1 Sjl __>aw 4^.jJ Ale fill (^-o (3 \y < \ n iua YV,V • ) Ll*£_o I^Lojiixu £ 0 £ » ,„^ II | jjj, 
^-o (J^j^IjJI^q CjJLjJI ^jLuj ^ lal 53 (3 lj_a^a-o^o ' ll JaJLiAJI Cxa^g 4_i^j»o CjL^.jJ 

(_5jLuijj ((^jj-ill! (_y^-s (_gji-l-l ^Llilll (j S_jill Sj^-j Lol .LxflJj'iLii ilij-aj viij^lj ^jLi 
(3-o jjjjJI pl_^.Li ^_$jaj i_ sj-tu (_L^o^ Jl <iJ_^a_o £j\ .'ilaj *,YYo Ijj_^Sj 

^C. ,4'ul n Jj^aJj v2j*iLoL«ja l^a^. I 4ja.La. dLiA 1^1 .ml (iilc iiLllL 4jijLAJI j ^. " 1 1 

ijijS «-» JLo :*Ij-o i4jLjLiJI Jj^jnJllI v2jNLoL)l-o (jjaSj J3I J^.) iijjL-o a-iill (>o 4j| 




S^j^ll ^^SJI ^^-o (J^ (Jj-oj f ni^. la laa q p-I mu! Lojlj J_l£lLI (j-oj *N 1 ^ 

.d j-i oi e\ j Jj^a 4_x_il_j Cil a til ^ ^ o a lujj La SjLc .4j=JLa 4 la "jijJ ~ "-^ II 

a 11 UU; ^ ,j ^^SJI «^««^ 1 0 fl^*i * ^ j ^ a 1 1 (^Li i^ljjl 5JL=a. ij a '"-^ II Ijl 
(S-Y J£_i) ijLiU Uj JUJI Jliil j _^dl f II uu. yj^ ^j| 

J^. Jj. II *3JLiJI iixui! J&1\ <JlaS!l (j .j>=JI l'<a bad llliu 1 

j - H a ma II ^g_il nil a_uj_}JI 4_j^)_olJLa \ \"\ ml 

J_£ jljil ilU j j-Gcl .(^Kl^l 1 jj^la J_£ ^Ij^l iJU j iK) Y-Y Jlla 

S^Sj a Ij^ II (J-c ^^j_tul! ^jJj^ (JiLf.o^! <Jj^JI ^ * ■ a I S^^JI lUjlu .(jjiLal (JjLo ^g^g3 "■ q 

S_jjj jjjj S JJJ^> dLia> jl J^|il i^a .(_g j" mi l J-£ J^iL«ILa SsUvjI (j <jjjLoj 

SilLill SyaJI 6.ia> &UJjI ^1 Sj^LJI ^ » I ■» j .^Ijjl 5JL=a. (j I ^ I ■» a " ^jiJ 2I"< II j_c. 

jjji 4 1 nilla 5_jSj 2 1"< II ^Ijjl J^. JaLLaJI (j^-oj i"bLLsi S 1 '^j ifljjj-u IdaJj "i! 
.(l-Y J'C mi) 3 > mlLa iilil S_jSj jl (V-Y J'C mi) "~l "^11 SsLjj^l (j (_gj"t 111 nil ijjl^ja 
(j 2|-<ll jji; .SlJliJI S^jiU SiaIaJ. 1 oLa>Uj;^l ^ J Zeh a dllai .jSl^dl (j 





isLaJj^l Jx. J n"l T j Lo ^liij i millll jbSU SaJLUI SjQ II (jjij (jl dJ "i! '(jljjl 

.<tji jj£ ^jJI 

j Ja-Lall jl^a fcUjll (j 4lJliJI S3UI L^ii 3^'U~ Jli\ 3JUJJ ^j! jJili LicJ (!) 
Sjj^II 2_i_>jLJI S^2 ^ySi W 2 l"< II J_£ Sjj^II (_5_jUI _>=>-ll a — ^ II Lalaa a (jisjjLj 

S^iJI Fj j ' a j 1 1 2 U ,„lj . Sjj^ll (jjjLalll 5_j3 ^jjji JV i<LuJzji\ SjiJI 2 U ...1^. 

(jjiij gtilj (jiJ ijj-a-l-ojj 2_ljl^-o (Jiuo! (^ya <L*ij (j^-JjJ 5_jSJI 6JjS> Lj_^Jal .ill HI I 



0\ 



ijjj ikxol^j S^flJI SsjjSi .^ip iijlil! 3JLJI (j .JcLuaJ! SsLjj^l ip.Li f> ma II 

.JV J F 1^1 <M~l. (j Ljtjj -JJ^I (j J Ml 1 1 (_jj5l jjjj^ F (Jj^ '— ' 

Jj^' lAa^ 

P + jV + H/ = 0. (2-1) 



CiLi^j-o ^^a^-a lj| l~ifl Q ^jiij <4 \Q n 4_ljL*_a bjjSi 

(^jj^aJ.1 ^y&LaJjl jLli.1 Lii^-aj -Li^l Iji-La 3^ vliLi£j-a £j-a^-a (jl^J Iji-ua 
ljjl>a X j^J.\ (^jlj (j! ^ iaf^La J^i\ jlj'^lj ilXaj'iLl ^1 4jflj< IL y j X 
(2-1) iljLx-all 3/ j X lli^j-a u^ij jjjjc .jdajil J-£ Qj>a£. 3/ j^a^J-lj j,ia 'tall 

:LajS> 

F-Wsin0 = O, (2-2a) 



N -WcosO = 0. (2-2b) 

&L^I j x Liii.1 ^ Ui! JV = Wcostfj F = If sin 0 dJiij, 

Lajs> (2-1) 3JjL*_aU i ^j-o '(^L>JI jsUj^I j y j.y^S 3 

Jl S >a ^jJj La <F sin 0 + JV cos 0 - W = Oj <F cos 0 - N sin 0 = 0 

.N = Wcos0 3 F = W sin 0 
(jLi .(^^I Sjjj F lfljo.n'<) ^yii^i ssUJj^l j SULiJI SySJI v^jjI Ijl (<_>) 
^iftl &L^II j x JJH J.I LjiJ Ijl .(Y-l) J^iJL. La£ (jji. _pJI p „ 1? ,JI UU. 
^F + iV + W^O a :3? "M 5JjL*il oL£ ^a lts aj| jJI s>Uj;^I j 3/ j^lj 
.F = W tan 0^ JV = W/ cos 0 dJjjj <.N cos 0 - W = 0 3 F - N sin0 = 0 

dLu.A^.» £-a IjjSi Jilj Ja .90°(j-a 0 vlijJlSl LaK iijLgj 'i ^ri 3JUJI 60A (j F 



OY 



,-,1 ^ i ...^ I) 1*C >"1" ...I :£jjuj|j J^iil Jj" j '*' Li^jlj9 




. V— Y JLLqU II a -"^ II ^ a u^gJ a inj :0 — Y mi 

.jl ^ (^jjjj^j 4 a I * n _^Lid .(^jj^jj " (2j-o 4 a U n 4 ) V— Y Jlxd 

jJajl) (_5-Si*i!l SsUJj^I ^ ^jlj ^'"^'j i L5 i Jj^alla I a j a J£ > Jjt-ll 

d U . ^Ljjj^ll (^Ij^aJI LojSi ?2J -^lj 4 < ' a j^l I SjiJI 4 la uilj ■ Sjj^I! 4_i_sjL^JI 

(_$jJI ijljill (jjiiu Ll$J Ti ^,1 111 a^Lli 3JLJ.I (j j^^ll JjLalll ^ .^JljW 



Tcos 0 - Tcos 9 = 0, 
2Tsin6- W = 0. 



(2-3) 



.T = W/(2sm6) 

T — ► 00 £Jal_jJ! (j) lia. S_/t-i-i^a 0 ijj^ I a Ida. r J mJl (2,1 Jaa.^! 

J r m n uiLto Jjjiaj 4 * i^iI^Lq 4_i_ijLa. 5^2 ^1 C£->^ I,^^j AO — * 0 Loji£. 

(^J Ji-^ II t| aAll (^Li iS^ruLua JJaj "i! 0 ^Slj iJ.Um m Jja. II (^Li .(^^jijllll SjLo 

.IS^ IS^ 



or 




r 2 



it' 



<al Ji^! .(VY J^i) 81 * 0 2 J^JI 0 ii'^ j^LJI Jliil j jjljj^l 

Ti * T 2 JUJI JUL! j = 0 2 2^^ ua e u^ 3 - dPi 11 "' 2 - t ^- 11 6^ '.A^ 1 J-^ 

:Lus> S_jSJI 3JjL*_o I" ^ 



Ti cos 6\ - T2 cos 02 = 0, 
Ti sin 0i + T 2 sin 0 2 - W = 0. 



(2-4) 



r 2 



w 



sin 0i + cos 0i tan 02 
W 



(2-5) 



sin 02 + cos 02 tan 0i 



CiJlllI jSfcjj U>^^ (°) 

I d *Q o 4 i irtLa. ^a-j J o"i Lll ^yAJjj q laj^ll cilj (jiisLij ^_5^-l J .(jAjt-JI I g 31 * ^J-C 



Cj\ flinn 11 IS nLLojl IiidUlJI^ Jj-ll tjj^j l4>*l^ 

^Ijjji! ^jLll! (^'JjLiJI <jl ijLu-a (_5jj^-c Jj<i jj LojIj J*i J^-l 

■ tj-GjI ii^'n |j^"Ua'< ^ya-J (jl (3 IJ nj-u^l una Lojlj (jlj^_> ij-u^ ma. J-t 

<Jio*i!l ja< i pi t-.fi (j (jjj-" jjsIIxujj .4^_^a_lJ viJLjJ! (jj^-ij (j^jjLa Ijjji ^ixuj 

:iJliJ! <j>>llJI (> 

Ijl .(iisLj-ual J-c I .is 'I la » ua i j~- a H (jLs <iiL*_uoLi j--- a J^. .-.U« |j| 
(elJj J^jSl (jl J jU. Ijl) (jLmaJI (jLi <Ja=-J U^J- 0 ij'- Laa " V "' 

... ,j£JI 

:J-; cJlUI <j^l£JI <£L^ <j£-^ <4ijo-JI iiUL 

.A bLaJi*i!l (j Sjl nj SjjLujuo S_jIL> B jJJ-> ij-^ ^ ^d-* -A3- 1 

.((JjliJI Jj — JjlSlII)) (jljyaJI (jljLa> 

Ioa li a.Llll a j "II (jjjLu^l (j o.>l J j ^6-° 2^^" oJIjJI (j^jl all (jl 
(jljjjj dLia> .(3 < i^ij^il J_c 2 1"< II) ^-Y JlXall Sj^a j tajj Llcj .(j^jjLLlI 

S JljL\ (jjjLalJI S^jS) JVj (Sj^jSlI S j£JI SU.,,^. s JljL\ iujUJI S>S) W -2I-.<II j_£ 
Sjill ^ U ... J^. Sjj^II 5jjjL=JI ^jt, W ssLaJl J* all jj <j| .(3 1 i^ij^II 2 U ...Ij . 

4_i_>jLaJI S^jS jlja n (j| (_gl S — d a J I I I S^^UI £sjjS> Jj-ojj 2 l"< II 2 U . 3 t i^ij^il 

ij-ta S5UI ssjjJi isLaJil (j£J iFK ^jjs> 2I"< II 2 U ,„lj . 3 t i^j^l SjiJI .„ j^. Sjj^II 

N jlji-a (jjiij S^SJI ssi^J -4-jLiH (_jjll S^ri-uaS S^^^ S_j3 ^ S_jUI 60A (jLi iJjS 

.-N 4^iiL ji^j .(Jixu^) ^bdl aLJrtl j l4^J 

(jij^SJI (jl iaja.'i! .JjLi Jjj (JaJ (ja j^jj LaA JV j TV (jL jjLii o_£i Pj-tu J^-J-i 

A 41^1^ jj£ (IjG^jiJI (5-^.0 a-maJI (_>uii J-C. (jl_Hj^ "i! Jj<i Jjj Jai (jx, ^jj j 

C I I <>^j J-c- a'-HJ^ ^ -(^ J*- ^ 41^1^ t5>i-^l jjJj Lalu B J^. 

0 0 



jl ij_ijL=>. Li_a2 LcuilliS :°&La i^jLij-iiJI jj-^ail (jJifij (j-o (_jlj_a£j J-*- 3 JjJ L^*-9 

"i! La^jl (_5_>i.! Sj-a (_5_>j lil i^Laj S_j3 N j iijjL?. S_»2 TV <^Li .^uLU Li^S LuillK 
:^lai .<^ljSl <JU j jLl^l .u2 ^Lu^l ^ ^ ^ Jl^ J^klj <±JHJI .j^UJI 

.S_>5L1I Jx. i_> ^^All Lgj jjJj ^jlll S^iil ssUJi^l J SjLi-oj jljlll (j iajLuxi S^5j 

J-C Sj^-ll Lgj JJJJ l_S"^ S_aILll v^jL^ Ijlll :Jl^tuJI ljjS> 4a-_>iaj £jLcu (jAsLij .l^-_»-> 

<Sj5Lll Jx. i_j ^^All Lgj jjJj ^jlll S_aiil ssUJI^I J SjLukoj jljlil (j iajLuxi (_i jJA\ 
^jLuij (^1 Jx (_5.il! ^LUI (jj>" (j-o «?Sjill ^jl in"" ^.M IjLoii 

Lgj cs^' S_jill (jjij <ilJj-ij .SjiJI (J-c S__jj_>J,l S^alLlI 4 1 ifi^. n i_i Miljjbi S__jill 

.cLojc ^ Sj£-ll ^jl mi* 3JI mn_i 31 ir\ vljlj Q ""I Jx S_»Hll 

LiH J*i Jjj J*i £jj La^L Nj W (jylaU. ^ J-t) ^-ij-uaj". fUxl <j| 

2I"<II ^ji; (_jljjl jkac 3JU. Li j-Gcl La Ijl JV = -W' uljj^l aic <ul 3SjS-> ^ Lu>a. 

(_gjl .11" "i! 2 1"< II Jx. Sjj^I ilua^J.1 S_aUI (_jLi ij-c'i! g^jl lujj la i^a iuisjl J^. Lgji 

^1 (^LalJI 5_»5 (jSl Jx.^ 5JUJI £>la> j itUI ^jLuIi .W + N * 0 il^i^a 

Sjill Lgj jjJj ^jlll JiuuSl iijjUJI 5a3 j-i^l itill Jx. iajiajSlI L$j jjJj 

^jJI SjjjUJI :LLJLua viJLill (jj,^-" (j^La (jjij i<iilj j- 0 ^ 2I*.<II jx. iuisj^l 

^jj^j CS^^ 4_i_ijLaJI S^^SJ 5 *l Aaj I mi n jj^j^j 4 ^ i r\^i I S^j^-ll (J-C 4 h<C II L^_i ^JJ^ 

JjjisjS!! Jx. SJjiJI Lgj jjJj ^jill (jjjLalll 5_«3j iSJj^JI Jx. Sjill I4J 

.itill Jx <jLL&Ji\ Lgj jjp ^jlll (jjjLalll SsUjj^l (j SjLi-oj jljlil (j SjjLujs 

J_o) .viJlill (^^ajLflJI LoLoj j-ijj 4jL_LikJI (j (^^^SJI £J-o^>- Cl 'in I iSijJI <La. j Jx. 
idilj J-oj -(3^1-511 4jLxiLi. (^^aill (Jj^ liJljJI (^^jjLSJI ^jjt-iil i_i inLLa JjJjlj 

<iillj (-Li-SAgJ 4 < auJLl i.U fl n La Lc^jj lj-^L^_o (jjij Jj-«-ll JjjlajJ.I (_jLs 

^ S_^j^ ii-a$ L$ji gllj j^l o^UJI (__x (i_jLj5L1I Ijjsi (j J^a'wn La$) Lij-*2jl Ijl 

^yla Ua (>U 4 t nnULliLa S_»U jji ((►jJaLi. ^a^j Jx.) 4j ±Q in" m < niJUll (^^ajLLlI 

0"\ 




m 



£)!*!"< .o_Y JllaU f>-"jj :V-Y Js & 

■ (*—>) mi tj^- 1 J 1 a J rt U j|^o al a jl S^jJ^o 



[ v" » Ua S^flJ! (_>"Li2 (ji-aj *i! ij-aljjjl (_§ .Ljj_^^ IjLij La^La J "**■"' i>^U •" 

|j£ Lj-sjJ (2)1 (j^ajlil . Y — Y JLxl LtLlftia LoxaJU .oJLjJI (jJJ-iJ ij^^ 

i(N ji-Sj) 3 . < a ... M 2 l"< II . <Laj£,Xa <jj^J (Y j^j) 3-i^al*-!! 2 l"< II 1( j M |nl JjLo (_gjf\ tun 

iUJll 

Jli\ W 2 S^UI (V-Y JiAJI Y ^Sj il&JJ ^ ui a J I UU^. ( ^ualj 

Jx. N jiij 2I"<II L^Jjjj ^jll! F S^SJIj <( _gj"i mil L^Jjjj ^yjJI N2 S^SJIj i(jiaj^l LgJ j 

P (j^^a^J ) pLtulo ^ la ml LaflJ 1 * laJ "■ o £ftJ U^l II <jl t j^a ^ fl"i ni^g .Y 4_1j^JI 

Q I Q 1 1 . I moll l^a 

(jj^-* 'O-lLtll ilA>" ij^^ ij- 0 f^j d I' J-c- Y 4Jjill L^j jjJj cr^' S^^SJI 

(^1 i ' ^ flj 2 1"< 1 1 jjsJI a '"-^ II UUA. ^ ^1 (^lJj J| . a.AsI .— p ^yjj S^SJI jsjjSi 
S_j5 ( _ J Ji P (2)1 ^ taa.'j . \ jiSj 2 1"< II Jx. Sjj^I P 2 .^jl A. II S^flJI J^.^". 

Y Jx. N jiJij 2 U ,,.lj . Sjj^il S_»UI .Y jiJj 2 1"< II (jjiilj N 2 1"< II j_c. SjjJ^a 



oV 



P + iV 2 + W 2 = 0 (2-6a) 

P -F + Ni + Wi = 0. (2-6b) 
^j^ojJI isUJI^Ij j„w'<aiJ (^jl^l jj^ll aUJil j (2-6b)j (2-6a) ^jClJjLjii! oLj£ j-o 

P- W 2 sin0 = 0, 
JV 2 - W 2 cos 0 = 0, 
P-P-Wisin0 = O, 
JVi - Wi cos 6 = 0. 
:J_c IflU < JxoaJ .JV 2 <Ni iF iP j £x1j\ju* jjj! £>la>j 



P = W 2 sin0, (2-6c) 

P = (W 1 + W 2 )sm6, (2-6d) 

ATi = M^iCOS0, (2-6e) 

jV 2 = W 2 cos0. (2-6f) 



LjjjJ in jjAiC- .(P' I fl'jn in" O^-OJ ^ylll ja-Sj <Uj£-l! J-C Y jaJSj ifc^J! L$J jjjj 

oA 



ol a wn-s. 11 K uLLojI i^JIjJI^ Jj-II (jj>*j Li^jLi 



(2-2a) <JjL>lU (> S j^La JV 2 j F J_c J^^JI (j^-aj .jjjLJI Jlii! j 

jjJJ I4L ^jJI ilLuJj <J5L^ i^LJI iiSJI jljSl ilUa $ (2-2b) iJjbdlj 
S .^L* l^Jfi. Jj^^ll cjLv P j (2-6d) IbUll J ik^NU ^ ^1 .Y-Y Jliil j 
.M^i + W 2 <Ujj J-° f J-" Ca"l*'^H 1^1 (2-2a) iljUil <>> 

lj£_>J.I H Ioa J-c io^ajJI 3jKH S$U! ^ji; <(2-2b) iljUii <> .JSJ.L 

.AT = (M^i + W 2 )cos6 

J^SLua ti I- 0 f J- 2 - ^jXJI S5UI (j| Lajlj J^SJI j^J^J J* 

1^. cJliJI j^slill 

JjSlI (jjj^j lx>^ gj^.""^ «dJj£ JL=JI <j£-j j^J Ijl .«AJui ^jjsi <jL=*)!I (jl 

jLsjl v^lj (jj^J (jl J ^ 1 1 (j-o) d '" » a «3jJjIii ^1 ni-J lai ° J| ■ J Laj 1 1 'SLiLi 

4_uiLo ^j"l ma II ^Jlj Mill LL)L=». ^ a J ** <jl C-JIAJ1 (j^jLHJI Lll m \ 1 j I 1 I « 
4_lsI^ <La.jJj Sjr^-a-uaJI j^l miV^II v^jl^ Ijl .4^_>a_lJ (jjj-ij (j^!^ «C)La < ma III) 

^jfc j^SlI ^1 ni-fc.^11 ^ >"n I j n 1 ^ — ) CjJIjJI (j^LflJI <jLi t(J^*i!l (jj^^-ij (j^jLS 

^jljJI (j^jjLSJI Jjj-l^j (jL I iX il cjJIUI (j^jjLSJI m 1) Jj*^l <j^j-" <j^^ c5_>^"*^' 

j ^1 «GL ^LkUl 

al J^^J = 1,2,...,JV JJ^JLj ot af^ia I I jaJs_P -{Cy^ £^ (jr^ 

(jljjl 4-1U. (j jiLklll ^Lnj uia. (jjs ma. (j^J^J Lojjc (jljjl ilU. ,j ^Lklll 

Ft = 0 (jljp^l ill^ (jLs ii II J-c S jSjil iiKJI S^l \j\ 

JV 

Z p i = 0. (2-7) 



N 

Fi = F ifixt + X f jU (2-8) 
j=l/lj*i 

4 U miI^j Sjj^il Sj-iJI (^jjSi fjij (jiLlill! I 0 I n mi i *}! pLn < ma. 4 U nil^j / jiJjj ^ < iga II 
S_j3 (_jLi _/\jLlll 4 Vs n_i *i! ^ < ma. (_jl (jl (_yia_/Laj) .1 jijjj p i iii-s II (J-C J jiJjj p wn-s II 

jjj J-*-flJI (jl J-c. (jfVi i (_$jJI viJLjJI IjjJjsj lj-&j .4 nifl'i 

Sf^t = 0 iljLsdl (jU Ij^jj (.iilljJI S5UI 3JU. J ^jdiiLala (jllj*? wn JjiiJI 

X f i.ext + X ILfji = °- (2-9) 

dUjjj .15^= ofl?*^ uj^; i>°j 'J" j jj J*-* tpljj i /i2j /21 J-C- 

SjLc IjjSi (j^j-s I" (j5Laj .^NLjj "LiKJI SjikljJI S_jUI (jl gjJjll £-aaJI CS^^J 

:LjjjJ (jjijj i(«<iJjljji. JaLij 4 U miI^j <j ni a'l £-Sj i'I'i's n-i 4j| 4 I aa i 

X f i,ext = 0. (2-10) 
i 

fllVill J-C. 4jKII ita. jUJI S^flJI (jU <jlj£l ilU. j La pLnwn-s. ^Lki (jl£ 131 idJjjj 

. t5 i s JjJ (jl i_ i-s J 

lj (j-GlKJI (ja (_j) Jx Jj*i!l (j\$-" (J^^* (3 '.' ' 4JLiLujl1I 4-ij tVill LjJ g- 0 -"" 
lijaJI jJk- J^kJL U .CjOtSJI UK (> (jjilil jll r UiUI J-£ J «0-Y Jlla 
i_S^xu .4_tuljjJL (j 'i » 1 1 ((jiLlilllll (jjill CjLo 1 /n^» II (j-a 4_i_ajLj_o ic^oja-a (_jl jl "i-s.1 (j 
.ilLail Uj„i »l 4j_^JI S>Oi5> J^l t' Mil (j^-aj La 1*^ <ul iLa.^ ilia! <j (^^ 

ii^jUJI 4aKJI S^SJI (^i^n J v -sj l( jlj3l 3JL. j La ^Lki (jl^ Ijl 4^1 Ulu! 
(jU <La fLki S jj^il iiKJI S^iJI vixiNH Ijl <g! (J LuU .^.LkUl S jSjl! 

Pi = 0 (jl g-l'Twil LkK^; F j = 0 (j! jvk ^a) (jlj3l <JU j (jjij f LkUI 

n| j3 ^LkUl (jU ;La ^Lki SjSjll ii^jUJI SjKII s^iJI pi^j .(i 



Ql oj-Lixa II IS ulj ml ItiJljJI^ Jj)"^ lA^ -4 -* 



-F 



F bjs 4_ik Jip y, 4 '^ 5JL^ (A-Y J^i) 2U*„.*U lhJi\ a-J -ol^ J Jljj 
4 otSllo cjj^-jI 3 a H 4_iKJI S^UI ( ^> , ^Ij obj^ <3 * Wt "' t— j-uAEJI <j! 

.<j^llJ! Jj^xill Jl 4j_loUJI J .m-^I (jljJ^ «<Lfll£Jlj 4jjjj^AJI Jaa^lJl)) 

&AC (j-o (Sj^-j^ J^^l^ ^Uaj <*!ij-a) <La^_llj ^U>»mII JajLijJI jj-o JjJjJI jjj^jj 

j^^JLi Jtj ■ a 0 1 1 A Q I J llC tJsajLljJi 6Aj2> (JlLo tJjiaJj . JL--a. jllsjLs 4_Lu^La ^-Ijt^ 

(>j e (W J£_&) A Jx f S^Sj B p-J^JI jSjj (! jj^JI eilu ^ ^L^Ljj pUj •>!! 

.B J_c — T S^Li A jjJj viJLHI (^^jjLSJI 

A >l — - 1 (j ^ mm (^1 A Jx. B 2 U . Sjj^i! Sjjl^ail SjS II (j^-aj -y ■ ' 1 oi II SJLa. 





3JLJI £>la, j J^Ijj) A Jl B ^ jt (A ..." B ^1 ilUJI £>ia> j J^j) B J\ 

jjUJ.1 f>=JI J-C SyL jjJj (j) La jjj Jyj fJaJ (^-aJ "il .(A B (jl 

j^j LaJk I g-j-^ II (J^ 1 - 1 -^) 1 "' Q ^ 0 *Q 

J~ " SUn'.ll j\aJI (j J mlL ( — T jljfl t, t^llaJI I mil) T jljfl n ^ n tin 

JaLfljJI ^il^ ^ojfc Lo^ J Mill (j^a^-j 4_Luua Jia 4jl t_fia-4u .4_tuljjJI 

yjJl ...^11 .("\-Y JLla jJajl) Lajlj JUJI IjjSi ,jjiaJ ^kj .La jja (j 

aJuJLi «9aiiiJI fcLajl (_gl (j» ^aiS> 'Jj-iSj (J*AjL> <J (JjijJ (^£-1 ^_>^ 

S^aiLlI ^jjjj (B Jl A d a JJj A J_C Laj&lj^-I iij-OaiLl <iJ ^ mil jljJLLI ^aA 

.A Jl B <> d^Hj B J_t ^>S!I 



1Y 



Cj\ flinn 11 IS nLLojl IiidUlJI^ Jj-ll (jj^> l4>^ 



i iS mil (^-a 3S U n W Lg-ijj <LK LijjJ (jl ._ii> ik-ujl^j jjj (j jJu) "V-V JliLe 

Ja-o «ji.UijJI» i_s5*^ .jJ^ail J-fl-mJI ^JjJaJI X SiLu-o Jx. P 4-kij Ak. jJuJI 

uLAP (j^^jL=* 6^ ^Ll* .P Ji^I jjjJI Jl 3iLi)!L> 3I"<II <uL iujljjl 
jjJjj W + wx Ls>jl.ijLo jLuh iijjL?- SyL Jl\ S_>5L1I jjJj :^LklJI J^. 

(jj^J (jl y la ■ <Ul Lojj .P 2 US'. T J mil ^jSi LfejbS n S^aii P Jjj-* J^>" 

<Glj ^ j-mJI ^ dUjjj .T = W + u/x (jl .a^J Jja.o ^Ua-jUJI iiKJI S^SJI 

j\$JI (jl£ Ijl .j\jJI (j 4_U_Sj J-C.I ale- ^j-oJajJI 4" n tl (jj£j_a _H>" JaLSj ^in^ ale 

.jj_jJI Us*. uc Lo£ (jji-i j mil (jLi = 0) (3jj "iLi 

(j^j^-i J mil (jl (jA_Aj (jl I j ".^ a . tCilj^-J J-£ ,> 0 - 1 j\dl (j^ ^ CT^ - < * J ^3^3 

Lo£ 

iio^JI a jjji .(jjilol S jiillj jj>1I c^i (jxiLollI 

<L*-k2 j^lcl .(^Ijjl 5JL=a. (j jj^jJI <jj£-j Loaic Jaii I ojlr. (^jij-iixu <jS!l Llj^-lj ^Ijj^ll 

Cijl^ lj| <<JJj Jl isLua^L •'^J-k' J-C- (5,^*4 _A>" i^Lj JjJi (j-° li?" S_£-uaJa 

lj|j .4 ■» US II (_^C 4-lJ_j-o£. S_jS-l JjJ-l j2 ^ U mil (^jLi i(jjilol U m J-o itoLoJ-o 4 T US II 

<uUSll cxi\^. Ijlj .3tU5ll J^. SjjJ^s S^jS dlia> (3jij (^ls '<jjj ^-j 6^ 

(^jl i4_uaLi. Sjj i <i .1 (j < If Sjj^J.1 4 iK II S_jill (^Ii'Jjj (2jI o^-i '(jlj^l 3JL». (j 

— fl . lj-^3 4 a Uall (_^jl_all &L^j*-!I [J^o U S^jj^II (_^^SJI 4_Lui^-o (^Ij^LIj 

Alt (JjLoj-o ij-uA) (2jI ililj (3-o gulj-i .(>j-i jLuj-o (ji-Sji=JI jic J mil lj^a2 (jjii (jl Li-Q-^a 

.jj_jJI US'< 

4_lLuS>l (jixu JLiaJI (jjj (jl 

^J^jjjjj .(JjjaJI US'< jjc ^Lol^s J m II (jj^-i <iilj (J-C ^Lj->J ipl mln olji-iJI (jlj 

.llilj (J-C (Jt^'l t Lo (jjj (jj" 1 - 1 CjljijJI (jl LAjI (_y£5_/L£Ll 

I U Cjljij aI taj (l)NN-Y J*s m (>j-i ( U Cjljij o,l taj J .U") V-V JLlLo 

(jj^JI j_o JiuuSlj J^Sl A S jiill d j^"" Lalu -^-1 ■-^"11 (j 2". .'. i B S jiill (jl taa.'j 

iiiUj; (^ JxaJI 4-1I4: jSj^ (j! j ^1 S^l Lo : yt, ^^1 JIJ^JI .TV 

At 



P 



jit J mil lla 'M .J^jJ= 5>ia.j J£J u> 3 la —I j ■ 35 U n W Lg-jjj 3.K :\ «-Y Js & 

.P Jo nil J£ <Gl_i I a 1 taj II i Q'j*" jjidl j-o jj^ i in P a Ug*. 



Jj-J| 2«Ua nilJj CjL"^! .F in l J_'^ II (j J mil <jLs i_sJL»j (jl Llxk. t*^_gl 

.ijjiijjjLi ^yjjili iitsUaj ^yC" I (<_i)nn-y j< & j ^Jaiill **■ Ji.b siji=J.i 

S^Sj Jc mSl F LojSi a I tajJl IjjSi J-C (jljJJJ ijlj-UI (jtj U^jJl (jllxa-jl a II (jlj^ILlI 

<j| Lsjj 2 » US II ^^JjlJI i.ijJaJI 4-iLgj Jx J_'^ II 2 U . jjjj T" L&jlja n J-C*i! 

.T = F (jl OaJ ((^"iljj (jl 2«U5ll Jx. S 5_-KII S^IU i 

.(^)NN-Y in (j «, Un'.l I \*. ,^ll .j"^ ^ cQLl LlaLlaj i-JjjLi F ■ ■! '"^ I 

S_j2 ^jji ((j)NN-Y A ^>Jajl) »l tall! IjjJi Jx. Sjj^J.1 Sdi^_jJI Sj^jUJI ^^SJI 

Sjj^II ^^flJIj (<jj^ (j^- 1 - 1 CJ^JjSLjJI (jl Liifc (j^aJLsu) 4 ll^ II J_c (Jiuu"^ 3-ujUJI i_ia m 

^Iji^ll .Ja=J! ,_y3L 2 U . j_c.S! U ^J_>^ J£-i jx. ^1 Ja=J! 3-*-k2 Jx 
SjS^ S^U (^ixLi dJjjj .f = TV/2 <j! J = F j! Lcuj .27 - W = 0 ^ 

j Jkj > • • Lg-ijj 4-K Jx. (jr^JJ (jl "^-kj 0 * L&jljJLa J^aJI ^Jj-k SjLgj J-C 
SjjLflJI i °<~l iAj olj's ill ~l taj (jL J^jILlI (j SJLiJLaJI isjjii a ' a I" (j^-oj -(jljjl SJLa. 
J ou ,jl La^ 4jLi <Pf Cilj^jJI ^Uaj ~ lag - -I Ijl 4il Ja^'i! .3j<j'il<jtl 

^t-A ill l .PV I J » ^jjJI Sjl mil i a« ,An ^jl 5jl ml, Ja m^i _>^JI Jja H i_SjJa S-lLgj 

S^iJI oj^ I JJJJ (jl d-lic (jil <J3l 5_j3 ^IdaJ ml I ZaqI] jl a jl I plj's ill a I taj idl 
^ J 3LJ II jji j iy d* a I U II U a ^ » ^ n in l ljj=h. J<J& i ^xcl Ij-ua ljj& Lll ^jiijj . J 4-fll ml, 

((.(JjULo (jjJ-i J-C- lOaJl i'I'i's n i "i!)) :3J^flJ. ^LijAiJI 
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Ql oj-Lixa II IS uU ml ItiJljJI^ Jj^l lA^ -4 -* 



A 



A 



r 

F 



A 



If 



W 



(s) 



ii' 



(v) 



ir 



0) 



(o) . V- Y JULI j L, ,, ; ol f Ui: (I) A \ - Y J£_i, 
'*"■ SjJ^il F Sjoll U jl in n tj^-i J;^ II <J ^ Mill *^Slil J^j i'> iaJL laLa-ll ^UaljJ 
(j) *^US"1 1 lj '^11 ol 'j)"^ q 4jLi Lxal laj ^j^Jtj (jl F ■ il ma I iAflll i Qjl~H 

■ (j) W-t JS_A j Ui^xil pi u-. n ^jji - ,„-. ii uu; „ 



a 1 ^" ...I « S j\ \ \ 4_ijl_LLk-l 4_l^aj liL_i_a Sj^Li Cjlj CjIj^-j 4 aiajl aoaj qj I o ) 

.(\Y-Y (J^-to ^Jsjl) CjIj^-j-IIj (JLi^JI (j-o 4_i_tuLi-a CjLxjjjj 

L^jjj) (^Lsij ilaLc (I^V-Y A j j ■ .(^l olj^-i jiUaj J-l^") A-t JliLe 
.(ijj^u AV j! Jkj Y- • l^jj) iJLS^o ^iSj ((n) V^Y J \ \ • 

J-t JiLi^U J^J! Lfc. J ^UJI 31aL*J Lr »jjj ^1 F S^UI La 

Lisj! <illj£ Lo^j^Jj <(3j^_uJ! pLijI Jaii (jjuJ (^Ijj! SJLa. (j 5JI 5 mllj (jLs>jJI iiaLc (jl 

Jj-J| JaLflj ^ in-> ale- ^LiLa (jj^-i (jl ■. la ' T J Mill (jl JtfllL Liilj jJSJ 

la I lia J^.1 (j-aj .(uj)NV-Y J*s mi (j ^ Un'.l I tlxaJl Ji-lj j" a 1 1 a I lalll jLlcl 
i3o ^ ^J^ - J II ^3-* I " J ^A-^"- 1 ^ SjjSfc-^ 4 ajj o a i^j "■ (CjI «l "-^ II 

jj^j II f V^-ll <j*^ >^Aj '^A + T$ + Tq = 3Tk S_j5j ^ U S"i n U-^ 1 j^iu__>il 



10 



W 



w 



2 i< i'il< ill SjSLaJI t_sl » i^l ixjjl ji^-i CjIjSLjII (^ujj^LII (JjAa (Jj> J£ :\Y-Y J*\ m 



2-j-uLJi S^S .C <B «A c^UI JalilJI ,> 5^ ^ JAIjJI ejaJI Tk J-dS! 

: ^ (jljj'i!! Ja j^ii (jjij .( — 1602 N) k ^ ilLLuJIj Sjj mil J-c. 

3Tk- (1602N) = 0 => T = 534N. (2-11) 

uj^-uij (^LsiaJI <LLaL*J <jLi T = P (jl Lojj .'Jiaj NY* Jjj- « liai jjiL 

.^Liaj NY* S _^Sj 

^ajS J-C SJI fl mil L^j jJjJ Saill jljS n Jl mi ^1 a I aj *M I {yi 

Lloliij i a *j ■»" Jj-o^ 2 N u^l ma I j '-^ a i .Nk 5_jSJ! &jjs> ^ m'i Licj .^LajJ! ilaLc. 

JjJ 2J| a ,,,11 £_a (^LaijJ! iLaLc a.Lkj (^-1) laJ a 5JLS mil j! Jaii (^LsijJI 2_LaLc 4jU 

(j 2 .1-^1 i 5^3 (^LsijJI iiaLc J-t 2JI a .nil 2 U . Sjj^il S_jill (ja (j^sjiJLi ^jiu 

(^LaijJI ilaLc. Jx. SjJ^il <_£>HJI -((jljj^l SJjLstx, j j^-laj (^J |U ia.Uail! Ijj5> 

S^Sj i^LsijJ! <iaLc (_jaj! J-c Jj^JI 2Ja_u;!_jj SjjJ-o Fk S_j2 ((j)NY-Y J£-<ii) 
.2_ijjUJ! 2 U . SjiiJ-a ( — 712n)k SjSj. iL^oas J-c 2J| 3 ,„|| 2 U ...1^. SjjJxi ATk 
^ Lu! L^j .Fk + JVk - (712 n)k = 0 ^Li e( ^|j2l 2JU j ^UJI ILU ^ 

1 • Jlj^ jt JV = 178 n (j! t F = 534 n J J*iJL 



Ql oj-Lixa II IS uu ml ItiJljJI^ (Jj^l lA^ -4 -* 



r A r R r. 
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r fL i 



iv'I 



il- 



ls) 



^1 



JVi w sc 




ijj^ II ij J mil i_jl ma I "flU ^ (^-j) -A-Y Jill ^-y » .-^ f-ojj (l) ^V-Y J'N mi 



d < i-\ q ^ <J1 5 Mill <jL iijJI J_c LloLl&j ^_S_3-*-^) ilLLaJl (jljjl jLli£.Lj 4^_i_i_iJ 



"IV 



-Affca ^iujUJl Sj^il (-890n)fcj lL L=JI SjS^J.1 2Tk ^ 

k-Nk = 0 2Tk- (890 n) li,J dJjjj .^UJI ILU Sj^il 
.ik j I • J\j=* c5jL^j Ioaj .N = 2T - 890n = 178n ^ji; J! ^jJj La 

^ n~~ I (jjlr, ^ ^a^JLcu (^L&jJI iiaLc (^Li iijLiil <*-kaj illiLdI viijL^ lj| 

► . * * 

ilLLmJ! ^jj Wpainter j& (jLs>JI iLaLc ^jj ^1 (jisjlsl .^Ijj^l J-t kLfl-=JI ^ 
t3JIS miIIj (^L&jJI iiaLc (^J^-tl ^Lkill J^. (jj^fj J).'.'^"'.' -^scaffold 

.T = (Wpamter + W sca ffold)/3 j\ i3Tfc - (Wpainter + Wscaffold) fc = 0 Jx J-ua^i 
jl Pfc + Nfc - Wpainterfc = 0 ^ ^8$ ^UJI ILaLc JjSlI (j^LEJI Jfc"kjj 

.AT = (2Pf p ainter ~ ^scaffold)/ 3 jl J=J J = T jl plii Liftj .N = W painxeT - F 
jjLs <<±*-j* AT ULkj .ATfe LgjL isJJLa <jLa>jJI iioLc J_c ^jlll S^SJI 

jj ^ ijjisjS!! (^1 J-t iilLuJ! N jilS Jjjj .J-cl Jl (^L&jJI iiaLc ^oiij jijj ia^jSlI 

1>jIj!Lo LftLaj5 CiiL^ Ijl "ill I a a (JjjjJ Ijjfcj < J a in^l ^LjjjJI iiaLc ^-ad2 ■ _ ia — * Lgjl 
LsjJjlj (j ' (_s-^0 ^j"*- H ^scaffold 'LajS 'I a il (j^-aj 4jl n-il^aJI ^ .4 < n-ijSlLi 
IjjSij .N = 0 £-n=3J (Ja mSl (>GlAa (^L&jJI iiaLc LaOS Ciil^ lj| "^1 I i£ a a ^Ijj^l 

^JLuiB LgiLi .NLkj M • (3J^ ^L&JI iLLc !j! .PV S caffoid = 2M / " pa i n t e r (jJ^ 

dl^iA^I (V) 

*^ ^jJI aLILa 11 (j^a^J La 4_jLi i^j^-tuLaj-a (j-ui ura. I a la m (j^^- 1 LaAA£- 

t-i mil J.C. SjJjjiC. il^jjs _>^-^l J-C- LA-a "i^. II Jja.1 L$J ^^l S^LlJ Lgji (jj^-> 

IjjSij ..'IK'-^SlI S_j3 m" Sj^i.^1 £sjjS> ^ U ...II ijjljjj 4j^j-a Liajl LgJ (jilj iJaii 

J^.1 SjLiu SjLS (3^-aj ~i .'^Lj-ai .Si^aJLLI jj&Ij^II ^ ojjjiJI (j lunuj Ijjj <_u(Jj 

^1 dilj^ Sjlj mil (j^-aJ ^ .U^a.J-a dK"->*^!l (^ij jj Ijl ijj Jx. LgiLSjl ^"l-v j\ <Jj 
„\ y,w 4^ ni 4j__>£ (j i 45 \ La cj^Ij ^Jj'< < in tiiJK" ~>.*^!l cjLiC (j .La Lila jl~ ->~ 
^4, JKiVjl (jl jLSacI Lijlcl .jl US II ^ jLmjj Laik. ijjjJI ^ 0 «U II f>?JI 

S^aS JjlfljJ |i t i7i" 1 1 CjI i I of. (J-C JU.I (^ ^LfljLi jiaijj) u^ijJ «-(_ji 

"VA 



Cj\ flinn 11 IS nLi-ajl IiidUlJI^ Jj-ll 



iSjLuJ! SJloSl! (3^.1 '(j^-l J-c- La £il=>-uj (jJjjj Laoic. Sj^^a ^jii ( _ s jJI dKl^l 

.LltuLtolj Ll_a£._>-a Ij-al (jji-i La l_/\ji£ dK"i V^il gi-uajj 

^jJLSl^l ^C. (jisljlS^I l_l I U"" "i! (jJJ-lj (>-jl^S <^_L£3 ^1 J_£ JUuS Ml* II (^-0 Lo 

*" ^ 

s ^ 

fcl^alLi ^^jlSI^jJI jiJL*JI (jjj-" o^-jI^S i 4 1 <i" ■ dK'Wsil ^a JLi. jdLc J^a^j (j J"< aj t, I 
(jjuJ IjjSi (2jiJ <dK"i~J J^^j j*-^ JjLuiII (jAi < (j (_yia_/Lflj Liil <-> in 
^ in-^. J-C Jal a^. II (jJ^-ij i_S^Ltul ^ t-\ » n djJ-> jiJ .4 < n 4_i^-ljJI ^ya lljj^i 

j-n" in \ La |\ ma. J* -> I 4j| Ij l^^j jJLs -S^aS (_jl i_i I t-T< < *i! iLiLii icj^iu L^j -. J n La 
(jJJ-iJ ^^jjLs j^I I '< n i <-i IjjS) ^iti "i! .4_*_SJ ^(j < lr \ i4_lLsI Sj-iALo 4^_>aJI (j 

Sjjjil dK"~^l S^SJ IjLi-oj LljLu-o ikLujj ^j^-j csjj^^JI jijJLs ijjJaLi. JjSlI 

JjuaJLi J ■» ■■- " ^^Jl 4-ijI II J-uaLiUj 4_ijIj^JI JjljLtail j- 0 '(\adlj .Sj-iAiU d U .1,1 j , 
cjl_/L2*i!l I *'**^ a ■ ipl^a^JI (3-o 4_*_iij SjLtuj 4 I- ml^aj Lo g~ la m 4 a U n 4_l2L> jl LIo__>2 

4-1 j -> J < jiLa (jn-> (?i (_gl .1 a" » < *i! dK'i^J (jjJ-i gt l"» in 4_lLa. JjjjLaJj ^ya 

laA (^1 La£ <Jxil^ J^. jju ^> (j a j |J dK*i->1l (jjZl ^jSUujjSjII Jj^II (j| 

^^jS jlji^s oLma. (j^-aJ Ci^UJI (jAaj j .Lijisl ^"i! (jxuJ ja^iJI 

C5JJ^^" dJ*-Z C5J^-' CiilLa. ij .^Ja-^^l 4 «-»jJa (jc ^1 iij^o ^Jl^. {jjdi 

4 ■» ini jLiIcI j^l .(l (j" in'^Lo 4j^jJ_a L^JJ^JJ (_£l) gr U in^ll (j£ JJ>U iijJL-0 
.^^a-Lid.1 ligj Sj__>aJ.I 4-ij \^\\\ 4_<iLsLlJ.I (^j-o Ijj^jjj (Jj^ -1 La-O 

iiiil &J ia'ih Jx. 4j^Lu j^k.1 .(dK"~J g_o 5j in'm Jx. iK) ^-Y JUa 

# iujUJI S^2 Lojs> 2I-<II tjljSj^ ^llU! ^Lla^^aJI oLi^aiJI .(M-Y JSli) 

.Sj-uaiU 2 U ,„lj . Sjj^J.1 (j-C-l Jl ^37*'") ^ 4_i J^aJtJI S^aillj ( Ja ml Jl igjaJLa) 

P iiSil La S_a3 (^1 (jisJLsl (jSllj .JV + = 0 (jjSli j^l <Jji\ dA>" 1 

(_£!) 4jjl2|j iri'm J^. 4j£Lu Jl^i'i in 4 1"^ II (^1 Lijj-ii. ^ ajju .4 l"*s II J^. vIjjjI 
.lia. I^jS! (jJiil F jljia (2jL^ Ijl (LaLaj pi mln 1*1 mil Sj-ukLa 

jIaS-II (j SjjLiuba 4_lLsI S^aS -l^aa^a 4 in"^. i_i I \ Jj*^!l (J^^ 



> 

















^ ilUJI j jjSlI j^LSU J^KJI u^aiJl) .F + f = 0 <j1 J-C JjSlI jjj^u 

gllii « jlliiil jli^b 6l2j3WjiVjtUj^iV + W + F + /= 0 

M j! f _yJJ jS-aj ,jj,^"<ll UwmmI j(.F + /= OjJV+# = 0(j!dJj(> 

Lcl^j ifcSlllj Sj-iiliU ^ Lxu jl 

S^ja (jl . f ^ 0 — Y J^-toj (jjj^/lJI jl j ml (j- 0 ^£3-0^-0 (Jj-o 'Lo ^1 (jl a la mil dlil au ) 

<jj &L3. J-c Sj-iAiU 4jj oia. 3 U ,„lj . jjJj ^jjJI iiii^l 5_jUI 2UI ^jj, ,>IK"^nII 

.il&JI 

3J=Luaj ^Luj dK'.^l S^U / jljiil jli ili^Lo "\-Y Jlla j IfcUl J LLU= 

SjljjJs jc (_jl <LijJl_a jjj ilLaJI (j ,/ I'" '"^ jjLl .SjJ^l.1 SjQ II P jbS U 

SjJ^jj 3I"<II JjtaJ F S_jS 4j jjJj jl ' (^ill jji-ll La : ^jj&J-lJI Jlj '"II 

Jx. Liulj tS uAll Ij 2I"< II l^la I jl_jil J.C. 4_lL>.^!l Aojjij ^ _'t-ll . 

jja 4_jLi a " '"^ J-^ ■ '^j" ~ I * i I >S Ijl ^g!la^g ^ a a la m II 




U ,..11 4jj ^ («JI^JI j nll^j^l dJK"V^1 1 aui ^ U»U^- JAaj :\o-Y Ji^j 



la * m * « (j ^-i Lj3 )) ^ la uj I^j Cj Lj LuJ I /ya -ijj L& 4j ^ ^ ' ch^- 0 - 1 ' ' 'j ' <J 1^-t-u-l I ^-C- 

J^^ -1 ^ oi - ^ i (jr^-LO LqILq (jrUo-Ltur*. La ta-gj ^j^^-j Labile ^^-ajlJI {J-*- 

JV jljll j-o_>j .A J-c — /j — JV tljjjjjj B jjjj (jl cJlill (jj^ ._ i I j j 

<J^JI <jjjs C5jL^ AT ,<\-Y Jlio j ./ >JL (-/j) / jl^j AT >JL (-JVj) 
iiiLial j-^j J^j^ 6^ N c£^i •Sjjjil S^SJJ F jljiil ^jLu". TV 

I ^ a . j U" o t _F J 4-o_Lfl j^l <A^ ^-j^ (j-a -fmax (j^L- 1 ^ I j a i .4 l" 4 ^ II 

.AT juu £xi illLj JIaj P m ax /AT 3 i ,n\\\ £j\ 2I"<II J^jj! (j ^,1 jjj 

,(J S ^-a^JLi L^J ^-o^jj^ ^ a a la mJI uu " >v ^^ tdlSHa^ll (J-aLx-a 4 uiAjJI 6 J A luj 

Aojju *i! 4 I i(^aJa "'II 4La_jjijj . i >$jj ,J-C. u 13 m'jl .'IK" ^Nll J^aLsL-a Jjsjjlj 
4_o^ji_il! i^jjjj I J SjLU (^j-a (_5_>i-l <Jj^JL J ' u Ijl iidljjj i^jjjLojJ! <s>.\ inn J^. 

-fmax/Af iiujjJ! (^1 da '' LijLs < J fl mil ^- 1- 4-^.1 au i °» ija LgJ (^il I 
i^Ltu^i ^max /Af jl d 5 a ^ I "'*'" (j^-aj) 4 .1 .^.Sll d l"X II JXa <(_5-& 

(jLsi^rJI djj .A AT J^. J-alaj ^ F max / N ^1 3 a iS (ja A (jjjLalll 

^1 idlj (j-a glj 1 ° '(jJj-" ^ 2I*.<II jjl LlLk P = f ^1 Luj ( 1**3 1 1 [gjLSll 

v^ 



jjJj J\ La ^rUml (j^-oJ ^1 dKl^ll S^iaJ 4_ads J-tl ^ /max ^max - /max 

.(ioLdl S_aiJI 3 jj ■» n ixLjjjJ 4j-mjJL) ji-Sl! Jx. Lgj 
Lajic I^'s <"LLm*^l dK'W^J ^j-ij-^" II a^^ajLSJIn Jl J-uaj l-i^-ij 

4_oj_fl_!l ^Li ((jpl^jl C)3^ C5v _>^l (J-^ Laj5>,A^.] d j ^ J < (^1 ^LtoLajjs ^LaJojjj 

Lojia i_i MiLiU _>i5!l J-t ^aJajjJI .1^.1 Lgj jjJj ^1 (3^-aj ^jill dK"i~^l SyLl ^i^t II 
U mil 4_o_aj<ja cj-i^jj JaJLs /J 5 i_i oiljjJI J-oLx-o Aojjljj iijjj-ajdl S^flJI £-0 

(2 " 12) 

d ) La.li£. Uo a ^g^g I mjjl n a J ) «4 ul i u^l >j 4_±jLlLo» (2 — 12) 4_ljL*_LI ^jl ( J_c J^^j 
Lax, CjLSJj / j /J s iV Jl SjLc ij 3.IUII ^rtXJI £-flj .i^J-aJI J-C Jplj^l 

JLlo (j 2I"<II jx. S jjJ-o _F iiSil S_a3 dlla> jJ 13! <*^Loi .iijjL^ guLlj Jl ^jJj 

/J 5 (V^j jd ^jl^. I^i_ua //AT 3_1 mill (Vjj's" mi j dK"~J S32 dlla> <3j£j j^jls i^-Y 

.l^i^a 

j SjS"i Mio (n) (jjjfi N * * Lgjjj .(dK"~J £-a jj^la Jx. iK) \ >-X JLiLe 

(_g j"'Mit l (l^-i ^j^-jjLj-uj^I d K'V ^ll JaLs-aj .30° ijjljj JjLo Ig j"' Jx ^Ijpl ilU 

J-t Sjj^il Sjj^axuiJI SyLllj dK"->^!l S^aS oLi j i_x_>j ./J s = 0.6 ^ 3I"< llj 

■ (_gj" Mil I 4 U Mil_aJ 4 I"*? II 
Jx. S_a£jl <UjL*l djGj^j-a ji-Lij .WY JfLiu ij LJU-o 4 iTs 1 1 j^JI j> ma II Ut-^ n 

/- (100n) sin 30° = 0 Jx Ju=^ lc5 jlmil Jx ^j^olaJIj ^jld.1 ^j^-l 

.AT = 86.6 nj / = 50 n Ij^j .AT - (100n)cos30° = 0 3 
:LllLu Ijl Lai ° 3 Mi^LiU ij /,( v Ji-^xj si U« 1 1 s , a ^* jj Lul U^sl 
,//N 4jmu.II jl m-^L bS^j" Mill Jx ^Ijjl 5JU. j 4l"<ll Ja» 

6^ (2-12) iljUil <> ^ dJJj if IN = tan 30° = 0.577 J 
(gj'wno Jx ^Ijjl ilU. j iy L^ijj La cul^ lj^ (j^t! J< mm .0.577 < 0.6 ^ 
4jj^a-»-ll S^jUIj / = TV sin 6 ^ dK"^l S^aS ^Li t^jZi^ j-a 0 Sjjlj ^oj JSLa 
mi^I (jljj^l dJjjj //n = tan0 $ jaj IjiAj .AT = Pfcos^ ^ 

.tan0 < /j s lj| jaii Lii^o 

VY 




30° ^ 

lOOn 



^jjSl «\ i"l"< m^l ^Ijj^l Liaic (j^^-l 2-ijlj — tjfrjl mil Jlail (j 

2I~<II J Jl 0 SjU^j <ul lia-ui I'n^Jlsl jU) .(9 max = tan _1 (0.6) = 31° 

ij (2,1 JjS 3 l"< II , ,15'." ^1 I ,Sn .1 J ^"^ 1 1 ^ -(_$jf\ intl Ja tn^! Jpljj^l (j Ijjj 

I 

ijjj^^All Jaj^^iJIll (jSiSLij (_gjJI £->LJI Ji^qH J! Jl n~-^i\ Ijj5> JjU'i [y=».jl .JpL^' 
jAj) 2 l"< II ^yajC 2jI^ Ijl <jl Ljjj-ui. (^ja a I » '■ 2°. ,„l ^ II ,J ^Ijj^! «2_iiliQ|j 

J-c (_543-oj>JI jjljJ! ^Lfljj^L SjjLLa ( 3_iil^ i^jjj (cgj"' >" c£jl>I-l jjuJI 

(.i_j^Laj"i!l JjS ^Aj-^ JPL>^' 6^ '(t£j" 'i'U 

4jjj jjoLua j£n_>_>j . (dK "i-vl J^^-J £-0 j da-La J-C (Jiij-i 4 1 1 r\"\ n N V JLxd 

J-a (n) N • • 

j-aj -HJ 4-kxul^J JjjluaJL W <^jj Jxoj aJj ./J 5 = 0.4 j& ^jlxullj jjjluaJI 
^jiCj ^1 W J .^llj Q^iiJI j^jl .((|^V-V JS-i) pLula SjSLj J-C 

Lj^-a-o ^ i"l" m^ll (jljj'i!! LojiAlt 

dJi>j <tan30° > 0.4 ^ ^IjS^I ^Li W = 0 <jl£ Ijl <g! Ji^ 

((^Ijj'^Ll 3_ijj^i 2 ^ .a J2|) W = Wmjn (jj^J Laoico -tsS s '"^ J° '"^ 2 1"< II jlj'." ... 

j la ll I J-c.1 Jl 2 j " ^ ^jlxuil 2 U . 2 1"< II j_c Sjj^II ,'IK"oJI S_a3 jjSCLtu 
J = V S N = 0.4(100n)cos30° = 34.6 n J\ 2^3 ^ LgJ Oj^j 

T '.T + f- (100n)sin30° = 0 J ^Jl f „n II <> 

.r = (100n) sin30° - (34.6n) = 15.4n ^jiCj .^1 j aiJI 



vr 




<>j «T = W jIaII JSjJI J-t Sjis^i! ^^111 jLStl ^^Ji; 

.WW = 15.4 n 

5_j2 JIjj ij'j^' ii itlill (^Li (^jj-ij (j-a jj^^ TV SjLj j-o 

dKl^ll 5^2 < w = (100n)sin30° = 50n .iajNLII f dKl^ll 

Ja ni^l .'IK'^nII 5^3 &Uvj! jjij '^jjj-" o • W SjLj j_aj .Iji in (jj^j ,/ 

lj (>j-o W = W max UC 2 l"< 1 1 _>~dl a — -^ II UUA. ^ -(^_>^-l Sj-a J" •J-'JJJ ''I I 

4j£j-o ^ ./J^iV = 34.6 n I4J 4'<<nn i^iS J^.] / £ua ^cj) W-Y J£_i 
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pi iT - f - (lOOn) sin30° = 0 glu ^jl^^ll ijjl^l S^UI iljb^ 

.W max = T = /+ (lOOn) sin 30° = 84.6 n 

\ • • Lgjjj 2 l"< (,>!!<" ^ I ivSil Sj-iALa J-c 2 .j^ 2 l"<) \Y-Y JLiLo 

SjjAiUj 4 1"*? 1 1 (>_i ^jijjllxu'i!! dK"~^l J^Lx-a .4_ijLil Sj-iALa ,_^c jiijj dA>" 

= 0.8 

Jil Lai l(jr SiS!! J-cI 37° aUjI j F S^Ij 3 h< II au La 0 ^ m. p.Ls Ijl (1) 

? jJ>£ 2I"<II J»-s" F J 3^j3 

Lai i^jiiSlI Jiuul 37° SsUjjl (j F S^flJ SJjill £-i.lJ La mi Ijl 

? jJ>£ 2I"<II J^-s" F J ixLii J3I 
.^^iiSl! Ji-u)I 53° jJJ! aUJil oj^-i S_>ll sia <(»_>) JIJ-uj (jjjlj (^.) 

(jaj .(ja.) f>aJI (j 2-uaLi. iSJLuil £sjjS> (j "iLli 2ja-^ II i_jjl^aJI <_)Ajlj dLuS> 

l_| (jLijjfl in a (jLlijIj LajS> 53°j 37° ^1 1^ V^i) .2_uLLa ^jitsLia ,Jj -\ "i m i"i LjjLi jij 

.sin 37° = cos 53° = 0.6 J <J '.3-4-5 ^LDI cJiil LL5I3 U^Sl *L>jfi)l J$Lu« 

(.cos 37° = sin 53° = 0.8j 

ijil^ S.£JLu3 F Sjj^il S^flJI (jl (j^sj-i-J <(l) f>aJI LicJ 

J_£ JxaaJ (U-Y J£_&) il&U _^JI j^oi^Jl <> .jJj>H 2J£J| J*^ ^ 

/ = F cos 37° = CjJ^t r <>J :Fsin37°+AT-(100n) = 0jFcos37 0 -/ = 0 
J iS Sul> .N = (lOOn) -Fsin37° = (lOOn) - 0.6F 3 0.8F 
jjj mj *s! — Sjjiiiil 2 U . 2 1"< II jx. Sjj^il 2_ijj^j<J| S^yaJI — AT ^1 
//AT 2 ; „nll ^L^ J.-'.. .//AT < 0.8 J LtLk Lk^a ^\yft\ .31SJI 

ojJp //N (jl <(> < \-Y J£_<i j (i>^a ^ LaS) F Sjijil S^UI jljlx, j 2J|j£ 
^jji ss3js>j -(lAi^ M"\,"\V ^ F cjljlil j-a JjLgj'i! La J| Jjjj //AT ^Ij F SjLjp 
^jilj -cgj" '"^ (j^ 5JjSJ! j-ijjj F J J^.1 jiji £a .^nLjj AT J-taJj ^jlll F i^^s 

UjjJ (^jij (j-aj if/N = 0.8 j^iij ij'iljj'^l L&ik. OJaJ ^jjJI F ix^ 

.F = 62.5 n J Jl ^jj^ La <0.8F/(100 - 0.6F) = 0.8 

n j»-tu_>J ^JjSJI (jl (j^ajiLi .ilSLa-o ( l - J ) J ' I a "' ' fK>^ 

Sjill 2JjL«I 2jiiS!lj ^a^IjJI (jljj^^l .(Y'-Y J^-i) 2I'<II _>-JI ^ m II 

Vo 





/ jUj)I ejGbljill lK> JV-Fsin37 0 - (lOOn) = Fcos37° -/ 

.//JV = 0.8F/(100 + 0.6F) J-t J* 



V"\ 
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100n 



200 400 600 800 1000 
F(n) 



T-T JUL ^Jl p „ ,-■ I I UU. :Y--Y Jli, 



S^ljla lib ^ //AT J Ji^! .(Y--Y J£_& J^\) F S^l j ilb£ //AT J 

j^j^l — oo Si* (f/N — 4/3) Sjjj^a SjL^ Jl J j 

j iJjbd! J^> .0.8F/U00 + 0.6F) = 0.8 ^1 J\ if IN = 0.8 i^uU! 

.F = 250n J <F 
N = 3 f = F cos 53° = 0.6P J-t ^j^U JsL^ pI^L 

F sin 53° = 100 + 0.8F 



roLa f5 (>j (lOOn) 



N 



0.6F 



100 + 0.8F 



(2-13) 



^ //AT 3 1 mill (2,1 g^ol; diXij . • ,Vo ^ ,F -» oo <//AT iiLgj 3«% a J 

Jpjjj 2 l"< II <Jjls>. J'--* — 1 1 (^-a ^jijj .i 7 jljS n (^LS I a • ,A aLajjLll liil Jj^aJ 
jljJLa Jjjj i^r^Li j-i^l S_aiLs £-SjJI £_aj .^yliSl! Jiuul 53° SsLvj! (j Lgjij iJ^J-k O*- 

.F b Jlji\ SjS II aiili^l ali^jll Sjjl^ji <Lil£ <^-jJ-> S_/^ ,>IK*.^I S_aii 



VV 




0 1 

200 400 600 800 1000 

F(n) 



.(^.)\Y-V Jlii F J^Llo f/N J :Y\-Y J£i 



Ja^ HaSj 0.8 ^jL^ ((2-13) iljUil j L£) //AT lika. Ijl 

J^ao ^1 £>jiSi 5JLJI F S^liSJ Ja .F = -2000 n Jx. J.^^'- <F j 3JjL*il 

Lijlj i_i-» in 4jl J^. j^J^J (jl i-i-^j i_jJLJ! j-SjJI (jl ^j5> ^jJSjJjJ! (jialjls^! S^jjLjji 

^jilxu ^yiiSl! J.c.1 53° £>UJil (j (^j^fj Y* * • jbS ni i_i~> in S^S (jl Lia n^jl j2 

(j JjJaJLll SjLtLi LLa2 Ijl ; l a (jjjjj IjjSi (jl .^3^ 3Jj^J! JjlaJ LaLaj <Lil£ 

ja 'i mi '^j-Si^ll J-c-l 53° &UJi! (j jJii S^3 ^ F SjjjII S^SJI jl 3JL». j (!) 
onul F = -2000 n i<ui)l J gia .F = 64.5 n ^ jXjill i^^aJI i^xUI J 

(j-a YN-Y (J^-tu (Jj-o 4_ijLlj CjI ua ^-"O SjjLi Ij A^g .4_uLi^_Lfl 4_l*i!j CjI3 

v_ia_uj S^S jJaljj SjJLuJI F <Lo-i2 ^1 (j II tLl i^Lij I j K ,7, o^jL«II J^* J ja a 

(1) 5JUJI 1 Llqj Jli\ c^jL*1I (jli t-F _> j\l> F j-ajJI Jl -I jic <u! ^ 

.(o) iJLJI . ylJI dJ2 Jl LL 



VA 



ol a wn-s. 11 K uLLojI i^JIjJI^ Jj-II (jj>jj Li^jLi 



^ dl^i^^l (A) 

.j I ^ U ,,.11 1 ^ _\\ r. ^a*l (J_C La ^ la oj L^_i ^jj-i ^J-l i 6&3 (JalsLIj aJ 

J! K^l 

S$3 (jLs <(VY-Y JSLi) B ~ m II J| 4j,,ullj v S^uu d^a>3j A a m II (jl£j 

^ <ul Llj! .La^Li .V «-a I w,i <r Sjjljla ojii AjiBl^ jSjj ^1 d K'V dl 
.JS^I J^. S,ia.lj SjjJ-o (_£,>a.l S^3 dLia> jjj^J (jl 4 \ \ mill ic j-aJI Jj£ JaiLaj 

S^3 ifljLLa-a (jC SJjlxuuo <J^j-a Lg_l (jj£i (jl OJ jLs A Jji SjjJ-o S_aILll SsjjSl vlVulSt Ijl 
(jjil n±JL\JI (jJJ-ij (j>jLS (j-a .B Jl^ 3 i milb 2 ,„'. II A ic j^u Jx. laLsLaJJ .'IK'^Nll 

.V £_a ijjljj_a B J-C. A L$J jjjjj ^1 dK'-^l Sj3 
jljJLa Jx. I -lj i(jlaJa S-a^jijj (j-ij's" Jj£ .'IK'^Nll S^aiLl f jl.lflJ.1 J_ajj<j 
(j-a jj^aSLi JJ3 idJj (j-o jjS^lj J-C. (>LaJa —II 0^.1 I4J jjJj (_jJ.ll 4-iJj-ojlJI S^flJI 

JjLLaj ( J_C tLuj^aJi [j* a La-mU 4 ) ) mj II <Lc ^-uJI ( J_C f \ oj *j (jl Lukjl ^ I 

.AT ijjj-ajJI S_aILll £-a Lijjla ' ' '"I Lft^lj j*-dl ' OJ «j *i! f (jl iCjLc j^uJI (jja 

A La g La (jlSt Ijl I^yj 'J^'ll (((^^^-H ,'IK'^Sll (j^jLSn jSj I ljS> a 1 JLllLij 
^jjJI .'IK'^Nll S^aS (jLi ay, n\n£la (jtaJa mJl (jl^J iB ^- La — (J| 4_ixujJL ic j^uj .'lj-^* ■ 

f = l^ k N, (2-14) 



.jji.S!l Jx. ^. U .till JJ>I I4J jjjj ^jlll iaJj-aJlJI S5SJI jljjLa ^jjSi AT v_Vt 
.(jxua'iljJI ia-Lu-a Jji J-ajJU ^ _$Aj '(_s^_>^-^ dK"l%jl 3-°^-*-° A'k (J*L*il ^^-ajju 
4-ijl ni"a» Sj i 3-La (j jS^j (^_^aJI dliLa.^1 (j^jl-2 (jl <L)Li*_l iaja.'^L (jl v_ta_) 

t it-iLj iLiLiLaii tJ SljjLLtu*i!l cJK~i^l (j^ajLS jjlst Lojj_i i J" = ^] C N aSjjLiiiLj 

J,.^"i ^ ijj^ajJI S^l (jU Unill 4jj mj 4St dllfli (jjii ^1 Lajjx. ./ < IJ S N 

Lojlj J^a.J -f Sj__>ij-a JjjaJj N (jLs 4 4 i i , 1 1 'i 4St_^a. J^a.J £a Lai tdl's" ~>.*^!l S^aS SjjjiLa 
(jjjLxflJ II pl__^a.'iLl Sj^IiLva 4 ^ uj ajjij ./Jj. < /J 5 (j I g U ni*^!l (j-a (jlja.jj (_5*i! 




2 l"< II ^^J^jli <-£j-^ .iiSil SjjAIo J^. j5"i mm Lgjjj 2 1"< dLia> ,^1 (j^sjlil) 
j j^tu (3^J ./J^W^ jJLuaJI jjij jbSU (j j^l P iiiil S^Sj LjjjI Ijl 

(jn<f, isUJll j jJ k W 2i-<u „ri<"i ,-.! 

^^al ,„j 25 .Ul I S_aUI £ya J&\ SsjjSl jjCwui i/Jj. > /J 5 (^l^ Ijl .2£_>^_ll 

\X] < W L&jba n S_a2 j (jLi (JIjJLj -ijj^ mil J I.A&. LaL> 2 l"< II 2 U <- 

4^ijfZ nijj^C i o ^laj 4_^j^q j w « ... . «(J* fllLl)) d^aJij 4 1 1 (J« a I Llj^^v-i Cjjft * "' 

l^ii oj^i) jljj^l flojul o^U^j ^ ^Jl dK'iV^L. 2SU"itl 'I;.. J±£ 

.cJlSJI J u^i II Jl J uaj (^Li. (jiilLjj JLllLj i(La ^ I- ■» ' 2^j ^ " ^ ,~,l ^ . ...^ II 

< 1 j & i (-i ~ I '"^ J£ (J-C S^flJI (jj^J (jl J-> <2j_iQ Ci\ a-txaa H oLt Cul^ lj| <dJj 

.Ji^flll IjiSi (j Jllll 2_<ilLLa li&j 

(n) ^ • • Lgjjj 2_fc£ -(SjIj J^Li. (> ^llkala c5>^I J>a 21£) \V-t Jlla 

dl<"^l J/jLjlx, .((!)YV-Y J^-i) Jajl^ (j 22jic fLula SjIj (>a j^j (JajJJ 

^^jSilj 2jla,„ll 2J3^J| ^^Jl dlil^-i!l J^Llxij ,0.6 ^ ^-.l-.<l l ^ ^^Jl 
2^ j^"^ L^jIIj)! 2jU „,ll 2I-<II j_c. I j'j^.U-. ^1 F 2aiiv!l s^Jl L .0.5 ^ 

?<G_llj 2^ JM1J (J^-0_JI ^^-J 



A- 



oj_Lixa II IS ulj ml ItiJljJI^ Jj)"^ lA5 j -* 




(jj^j ijj^l lA>" (J -0 ilfl mJl 4-£a£JI j^tA *1 aJS^II (J Sjl '^^j tjljfl U (J 

(uj)W-Y th (J ^jl Lllo ^oJj^LLI I UU-^ ^ . I j a , ^ ^a" 1"< II ^ 3^ J_c S^^iLli 

. Ja .11^! 3 j " ^ ^ • • LajIjS nj iSjjjUJ! S_j3 (Nj 

2I"<II J_c ...II 2I"<I I 5 U ...l^. SjS^il (Wi Ujloix.) Sjj^ojJI S^UI (Y) 

. jLcu_JI j * 4 g a i q 



.F = fi 3 <N\ = 100 n oLkj^ JjSlI O^LLl iiiiSllj Iv<J Jl <3Lli£>U 
<>j i/i = 0.6(100n) = 60 n ^>>JI dlii^l ^Li <d)j 

.T = 60n ^Li £5 

4jIam.II J_c ij-^jSlI SIimiI^j Sjj$J.I (AT 2 L&jbLa) Sjj^ojlJ! S^SJI (V) 

. jLuuJI j igjaJLa i(F L&jljjLa) jjJI 3 U ,„lj . SjJ^il S^fl-ll (V) 

it&JI J-t SjjIjJI ii&JI Sjjjil (/i UjLii*) dl£L=^l S^3 (1) 

tSjIpMill it&JI J_c 4^jS!l ikml^jj (/2 Ls>jbL<>) dK'Vdl S^S (o) 

■ jl null J^-J 4 ~» j n 
.(j-ua-ill J^-J d J ^- "' a F S_l£-ll ("\) 

U .F-F-h-h = 0j JV 2 -iVj - (200n) = 0 J^ll ^ 6- 

./ 2 = 150n J «/ 2 = 0.5AT 2 J L«j -Afe = 300n J ^ «JVi = lOOn J 
vLilL Ijj) .F = 60 + 60 + 150 = 270n J ±^ </i = 60 nj T = 60n Jij 

<yk 4jU)ll ?4jjlkil F iajS Lai .4j l fl M. ll il&JI ^Jj ij^LJI it&JI F S5DI 

(.iSLkJI viiljUk.1 iASllo jjc [jLz.'i \±& SjJj 5J jo mm ^jU" m.'. !YV* LAjI 

^Jj^.1 jl LlC I 1 ' I laj ) (J_iLaJlll <jLi tLa Jja. ^Jl kxmj J^jLtdl (JLjJ.1 <jl mJL* 

J (^1 Lilaij) iiLlsu u Jill SjLc cjLuj^I J-c cjJLkJI ±ta . Lusij .Sjj^o 5^3 S ^-Ouc 

I OA .Cul^ Ljl 4-u,l j Jl Caj 5JU. ^1 j Jaaj ^1 J5U (4jK (jii 

(ji-jlji ,j laj J Mil I (^ys ^j's . mi t i_i u JLlI 



AY 



Ql oj-Lixa II IS ulj ml ItiJljJI^ Jj^l lA^ -4 -* 




d&jsJl Jj^l jS^u j^jLS JjLujx (^) 

Sj£j J^. , qU j^^j 35Un TVi = lOOn l^jj 4_K .\-Y 4jLuii,l 

L£ 6 = 30° I>,U 

.Y£-Y J£_i 

■kU-JI W2 Oj^JI 'Lijj (jl 0 V'.' C^jJI jljltl Lai lc> ulal j.w'ill !j! (!) 

La = 0.400 6 jljS-a ^< ul'l nil dK"l-J JaLiLX, <J j.lVltl (j! (jJs ^ (^j) 

^^Ijj^l 3 "'"'*' ^2 -1 <Lo-i2 JSIj (^-^3! 
ijjj-> W\ J ' — 1 (^15 <dLia>j 'j^j 4Jajul^j 1 °s ■ Jo^j_ya W\ (jjj • V— Y All mJJ 

(>_i SjjI^JI ■. 1 * .-F L&jljiLa 3_lS_s! SjjLs S_a£J Liu! ^jjSi (jisjjua W2 __>i-T 

.♦^0 • ^ JjJaJlj ^jUI ££J ^ ^Jl dl<"<^l i>L«^ .20.0° UJjl* ^Sll 

4c it n S^Sj LfljJc tl^J^J! (jLi / JLLL 4_taxLa) V it j^jjj 4 a IjJ 1 1 .'Ij-.* jic 



At 



0 2 ^« — » F 



.Y-Y ilLu* :Yo-Y Jii 




|< 2£> >| 

|< 3D >| 

.o-Y ilLu, : Y~V-Y 



. ij jS"i mi* c-Lula jljAa. LgJ (PK Lgjjj) 2 -'-Ijt- —I S-i^j^jl . £-Y dJLi.ij.tl 



Cj\ flinn 11 IS nLLojl IiidUlJI^ Jj-ll tjj^j 



(3D <Llo_>£.) ^jlfl-o Jjj.liua (j j S" mi* ifLula (^IjJ^- I4J .-ij^Ljl vIi^Ij .0-X dJLuiXI 

La>j_k2 SULil! Sj^jjjSlI .2D SiLuxi Lo^jj^j-o J .^aj '-'J"*.' JjaLusJI SjcLS J^. 
^IjJ^JI tj-o J-c- S_jUI i_i <n->l .(j^j^^^l ij-Gj^ij^l J^. SjS" Mioj W2 Lgjjjj 2D 

[.(^jig-ll J*S Mill £-0 .ij-UlljJI 



Ao 



OU^4l :^UJI jJfcJ j^ilS 



Ol ni. 11^ II I^loLuj (\) 

^1 ^Lua-Sll i^jljjl 4-1U. (j (jjii ^1 f.1 ma.^1 £^ajis^o (3^1 ^^I^. llASlj 

JjJjij 4 i a i*s 4 \n'\ 4_H_ij-Llj ^^jLxll (jj_5-»j (J^jjLs L>_/\^i_>j .4 1 n S^aS ^ iga II ^j-C 

. La 6 Q d < I r ^j^j La i '<* d " r m I a uia 1 1 

^ g 5 

(3 ^^a^-j^o <4^^J.I S^aiLlI £-a LiJ^jia d*Cj^ II i ' ) )) :4 mAj ^p^aaj CjLaJ^-j 

ljjJ> (j SjjI^aJI vljLaKJI ^in^ C I 1 « • S I liLG 4_ii jjjj a I Laa II isLaJil 

cj^v-i Jj^aLa. LgjLi «4^_^aJI» (jjj-ij i—Sj-*- 1 .jv^Lxll (^Lij II iijJLa (_yalll 
_/\Jlj» (^1 La£ t«<iJj^."ll 4jjs^» n m) (^1 (jjj-ij «4^__^aJI»j licj^uJI (j «SjLU 

.«4£j_aJI j _£-*ill Jj-*-a» 4j.ll (jjjiJ «4^j^JI 
rSjj-uaJI J-C 4_iLi2.lll ^1 (j H 4_i_L !3j5> ^ j?-*->j 

F = md. (3-1) 

3j<j"Lal^ a :NL«i Lo^ijjjLj ^ (3-1) iljLxll (j SSnUJI jj-ojJI ^ (jLV°j 
j-o^l Lol .^yjLill J mi II (j Lgi-ijjij Jjj-"* 'Jj*^l J n"*fl II (j LgiLijjij Jjj-^ ^ 
j^i. «SjLU 4j^» L^iL «i£UI» ^-sjj-*^ c) ^ iiASLUI (jAaj ^lU"^ (m) v±JLUt 
(JjjLjU lL2j Ll^- K'"' <jl (3-1) iljLxll 111 jtjli .La j^. Jl g-^b 

4Uf. ^jLs t4 qI"-^ n C£>£-1 I j-i » n L-s aia. Lia lj| 4jl J^. <JjL«J.I (j^ajj .Lo ^ ma. 



5j<j , ,,-sKJl K^KJJ 



4 < inLa. k i_i LuljjJI v^jLjj & — kF ;4_Jx. Sjj^J.1 S^SJ! <— * '"L^n p m~. II 

LgjLi ^ mi^. II 4jj£ i_SjJijj .j-jijI ^s (ii^. II J<~> ^L^ i j-i^l k 4_aj2 LaK_S i^s ioa II 

.ra = 1/k (ji ik 
'(<jl>0 '(f-^) : ur jS> cjIj^jU (gjjU'^ll ^LkiJI J iixuLuSlI ^L^JI 

l» <m-> I m itill (3-1) iljL«II ^l„^~ ...I I ^ -la-x-o (j^-a ij 

3 mmSo) 3U ■»!! J_£ 4-ajMiflo (jLkj>JLi 3 unin) ^ mi~> II SjjJJ.1 S^flJI ^ itflll .La 
Ls>jL*J 3 S"< mi a Sja.j jykj ^^^a-taj 417s 1 1 ibjjU'^ll Sja^aJI .(ft/SeC 2 oloa.^j 

Uait 1 ft/sec 2 Ls.jl.iia 3Uc v A g^L, N 4lK ^oJI p ma II .lb-sec 2 /ft 

4 1^. r, i_i tin's \ '—S3-"' gixu Y 4"i T'i's (_jjJI js mi-s- Ilj -J^J ^ L&jljjLa S^flJ (J^sjJlLi 

■Ij'sftj 'JJ=j N Lssjloix! SySJ (jis jjiIi Lajic <0.5 ft/sec 2 Ls>jl.AiLa 

ma. J_c (3-1) IbUll jlki U^j 

^L^-a <la_*JI (jjiflj LgJ (jjij 4->_>a_> US in" (_jjJI jil oia.SH j^l I \ \nf Ja.j 

^jjji SLtxul!) 3U ■»!! ts±$l ijjjjJI iajUl (^jij ^jLaJI j-ua^ll .lic-j 
La f ma I m It&JI <^£; lj^ .If = ra# (jl (3-1) iljbdlj ,32.174 ft/sec 2 

:4JjL«IL W 4jj^ ikp ^a 

W 

m= — . (3-2) 
^yjlill (jj^jj 'f* II ^f* -^Ji c5^" (jl^-l-l J- 2 - (jlj-alAj W (jl Jia.'i! 

(^jjj gl ni N 4"l"< (_jjj| j» ...^ II ° .4 ■» ii-ij^ J^. J^i" ■»" "i! ~ ma U 3 t inLa. 111. ^1 jS|j 
.ji.T (^LLa jjc ^LiS . ^I'-^J (jl (j^-aJ < Ljj«_1 I J-ua^ll jic ^Lkj VY^VE 

3 h< Hj '(ob^) i>JJb '(j^) lW°JI ij^LoSlI ^la^.^1 ^JlLI ^Lklll 

4Jljj-*j (j^-aJ ^Ijj^aL^JI .(v^Laljj^aij^) 
4JljjJlj (j^-aj (iSjJI (jja Jjjl) (3^-1 .JaJLiAllj SjljaJI 4j^jjJ iajLuJI tJjjJaJI Q->"l 
J ^jlll S5UI ^jJSj ij^j^illl iS^alil ijjlll Sj^aJI .(^j^-l iixuLul vIijI^j SJ^Aj 'i^-' 
. Y 4jjQ/ JLa N Lijljia 4 Ur. 4 i mi's* (^^J iJ^-lj jilj^ali^ 4" h's La js ma. ,_^C I (j S t \)r\" 
•^iJ^ (l^^P C^jl"^ Ja.1^1 JJ=^b *,YYO (£jLuj Oa-l^aJI (^JJilJI 



AA 



ol a \ hi-s. 11 l^LioLlij i^yjljJI (jjjjj (j^jLS 
Ijl ■ l^ a m I I ^ikf. d>H ^.""'1 1 (J^^J 'SySJI (jJiilJ ^jLaJ! j» luj i I I 4_uajj-*li 

l .M\d\ = M2CI2 LijjJ oJ^i f-^J f ^ fAj p H J-c- S5UI (jjjiij ,~i5 1 1-^ 

J£_ll (j^LiJ s I _>^l lla, ^1 h^i M 2 = ai /a 2 Lb J <3 Mi = 1 I j| JllJLj 
v2jL\3_/\^-1^!I_5 vljLjjjj^illlj CjLj_jj5j^-1I ni~>. i_i I t-T< \ <^ Mt-» II (jjj i_i I l~i" < ^ 

cJdj^^j^j CjLi < 111% (^ja LflJ^o (\ ma II Ijl 4jI ^^jSiJjJI jJ-u) .p ma II (j 

lj£ <(j^-l .4jLij^_a n (_5jLtuj |\ ma II 4_t5^ ^Li (v2jLij_/\^_1I j ^ Ljj jj_j-sjj 

(J-C-) tj-jl "' mm 1 1 jJijJ .LgJ iij^JJ CjLo i mi-. II Jj£ n (^j-o Jl_ji>-i J3l tj^J^J 

Jx. Laj rnfl n SljjJI <*l fl'il ^j^LlI '"'II (_5jLuu «4 l"*s II (j (j o S \\ I » IjjSi ^1 (<_jl^-ua 
<u^ii LsijLlIcL 4 l"*s II (^jc (jj^-ij Sjii (3^- ^LijJI i_i ■» ifli lj$->j . p j i t-i 1 1 ic jjj-o 
ooi ' J^^-i Sajj-*i Li« 4_kilj^ o Uj ^ I I LaSsc «SjUI 

^jLi Ijjfc |ix.^j^ .L^_l 4j^_LI CiL f>j LLtaJ I (jij^i ^3" °^ 1 0 L>*° c)^^ 0 ^ 0 

^ 4_L^jl1I L^S uij ( ..... i CjI^)^ <4_i^j] tCiLj^jJ^^-iJ <CjL\_5J^^>j) ^1 oiaSII 

I J 1 1 a J (j^-aj "i! ijJLc iSjj Ljj-a ^3"^" 25 .5^ II ^jjj, d \ . « . ^LCa jjc 

(3^jjLS Lgjl jjjj iTV = 3JjL«1I Lgjc j-uij ^jlll .2l".<llj ^j^l 2 Ir. ^Li Ij^Aj 

.cL^ojjJI 5l >a II (j . 4 1 1 jl (jj^jil J- 0 ^ 4 ' I "** - ) _> : ?- 0 O^- ' '°*'" 3^ yjp * " 

Jiajj iljji. l_/iJLu3 «4 1"^ II (_yiflj|i (jjij t^l < aia II (j Sjj^jjJI (_£^ILll jA.^ 

(.i^JI ^1 >S!I 

.41jQ i7 4^ j^JI Ij^Jj ia = 0 (ji (3-1) 4JjL»il ^Li P = 0 Ijl 
o » jj i <illj£ .ix^Li. 2 ll ^< Jj^l ^^jLSJI j^.^-.. ^Lill (^^jliJI (jl ^ ■ oj i I j's ftj 

i^yjLUI Jj^siJI (j L&llASLi ^jlll dit Jx. I=Lfli j- <aj Sj (_5^jiJI ixuLS I j I ■» a Ijl <j) dljj| 
t(JLjJ.I J u lu ' Q Q jl-^l (3 Q La ta jj ^jljJI ^^jLS (jLi 

*^ ^jljJI ^^.ij ^^jLS (jLi ^S_/^-J^ 4 I-. t \ SjljJ OI 4_l^t LLqJ^JLujI lj| 

(j ^Li. jjLa_ll ajj5> JU. 4 1 mjJL) ^jLuiLi i_ s^-tu |\ ni-. II ^"i! :l i jjjjc 
.<hJi\ (> 4l„,l,„ JjU'l ^liJI (3^LSJI ^Sll 



J^. Jj-aj (jjiia! in JiuuSl m ifc£ jJj^ii .((jjilol jja in J-C \ -V JLjX 

• (_gj" 'till ikxul^jj I j j If, Sjj^II SySJIj itflll 4_L^c l_i .0 ijj'jM (.T^" 

lluilj Lijl^o iilSli; iujLJj 5^2 :3I"< II J_c (jljjp o^j* 

3JjL«1I (^Li tyjX llli-jl Ijl^ -(gj" mil Lg-liiJ AT ijj^-ac. S^jjj <Jiuol Jl 

: l >lJ,jL*_o (j-o L^jj "i" f = in.ii 4 o II 

Y J F x = ma x , (3-3a) 

^F-^raa^. (3-3b) 

jj^ I lj iJjU.1 uuaii Ijjl^ x jj^ 1 1 jl ■"■<* I SjLc i . ...I'.ll ^ iSJLuil £>jjs> (j 
*.kli x £>Uj;^I (j 2U .11 (jjSj jj^k. ;((<_.) N - V JS-i) JjIII (gj" .nil J-c Ijj^oc y 

S^flJI .X SsUjj^l (j 4-i£j-a Lg_l Ct-m-J 4->J^o-*JI S5UI .tly = 0 <a x = CI <3j£-> 'J 

Ij^j .y ssUJ^I j rag cos 0 <j£ j-03 <x ssUJl^l j rag sin 0 ij£ I4J iiJSlSiJI 

:(3-3a) iljUil 

mgsm0 = ma (3-4) 

:(3-3b) ibbdl ^.^^"j 

N -mg cos 6 = 0. (3-5) 

.AT = rag cos 0 j a = g sin 0 <j! jjlijj 

i_il m->. (^jjs Jj 1 Wi < <L^_*JI cjLtuLi. ^ya \ \\\ n-i *i! ^yjOJI (jJJ-ij (^^jjLS (jl i-i~>.*^! 
(jjfLj 6a ; f\?l*-a 3U ■»!! &UJ5I (jl 3Sjfl-> L$jJ.l^ ^jlll) N 4jJ^ojlJI S^flJI jlji-o 

(j-o jjj-*JI jLlsu . ( I j i 1 f-i (_5jLuu aLaj^ll <iilj (J-c iij^juJI (^^jUI 3^ cr" 0 ^ J-" 3 ^ 
oLj" -in J_c <jS'--" ls 1 " JjL^J.1 j^?- j JV = rag cos 0 lillfc I v *ikll 
dlla> (J^jaJ <&]j ( UMj rag cos 0 ^jL^ *1 N <j] t^uJ cjjlk* Jlill Jlitlj .SJjLo 

■ 4-ntV<o <5_ijJaj llA>" Jj-iji=>J J-iJ-i 



1- 




\-X JLla (j JjU.1 (Jjf\ iM (jJsJLil .(^-jLuXo (jiiio! jja 'in J-t Y-Y JliLc 

IjUajJI J! LlLsI (ttlaJJ idj^La) £jLuiLa JjjJI ^1 (j^a/Lsl .(^ a ml) Jjj '^■jl iA^I 
ttla «JI vZj_^Cli.l Ijl .(itjLuiLa S-iJ-iJja. m 5j_jJlj iaXa Jj^JI (jJ^-> (jl (j^ a ' <^La) 
££Lo JJolm I 3 '.< I ,jjjj| Ji_uft J\ JsH jJ^ij (jJ 3I'< II ,jjjlJ A ia^^uaJI 

J-C J\»JI L$J _>\5-> (_pJI S^flJI ■. ■ Ij t<La La '^11 A <La-i2 L ■ — ^1 .JJ5JI Jl 3 . ,„'. II . 

.itSJI 

*raa iujUJI 2I-<II j_c SjiS^ll s.w^jll ^j&ll <N-V Jliil j L£ 

Sj^Lu 2I"< II ^iil^ |j|j .Jj^JI 3 U ...Ij . Sjj^il JV SjJj^jJI S_jUIj 1 Ja .11^! 2 g " „ 
£>jjS> (^l t> " 'II J! lllil A Slax CjI3 (jj^J <Jj»U 2 . ,„". II . 

«SjjLa. _^-C» Jj^aJI £-a Cjl ..."^ jLi=>l SJLa. <(_5j^j-ua3 jU=>^! 1 ' mill ' d u£ II 4laX ^^Ji 
( I j j j • a fl ljl-^| (J^ 1 - 1 -! t^^^ (J^^ ^ljjkj_tu*bLl 

3/ jj^ tlj tLtiil x tl jl ."-U , . ...'.Nil ^ 3JUJI (j 

N smO = mA jljU»- f = ma S^ilJ ;yj x ^lij^^ll .(Y-V jSLi) Ij-^L 
LilLI UU.J -A = a tan 6j N = mg/ cos 0 J Ij^jj <JV cos 0 - = Oj 
2U »ll (^Li <N-Y JliLa (j I j I ■» a Lo£ ll I J^. ^jj^cj jl_j-a &L=Jil (j X J'jj^ 1 1 
x ^il ^Li lj (^aj :A sin 0 ^ >" <A cos 0 ^ x Z£ ^ L^J _< ... 

.N-mg cos 0 = raAsin(9j mg sin6> = mA cos 0 ^L^j F = ma 5^iU 3/j 
.jSjlo j& Lo^ ,JV = ma / cos 0j A = a tan 6 ^1 j^i JV j A ^ JU J=JL 



mg 




(v) 



(?) 



.Y — V Jlj all (^j) j"* II p ua II U rtjj ^ > . Xjj" p nij :Y — Y J^s mi 



4 « a a t 



Jlmn (j iajjlj m I gltj^ 5lj-al -(j-C-l Jl fcjl mxa J»i^in (j Slj-ol) V-V JlxO 

?l fl ' a li J-C 3 i i^j^ll L$j jjjj ^^l S^aiLlI La .^jl una 

A juSj ij^.1 Jl Sla-aJI jJaLij <U^_aJ.I A ^ ^Li llfl -j iAk Jjijuall 2 U <- ^<"l 

. Ji_J Jl IL^JI ^tilS iJLuJI 
-■j^) -mgk iilSLilJI S^UI :(V-V J£-i) sT _>Xl J-c. ^IjSjS O^? 2 ^^1* 
^j j.^a jLkl j sl_>ll 2U<- ^| Leu .Sj^jSlI LgJjjS ^1 JVk S^UIj i(W = mg 
J\ o^i Ij^jj '.-mgk + Nk = mAk jL ^ASj ^liJI uH* 
j^Jla (jjjLiil j^iij-a (^Li <cs ^ jyj (jjjLLo J^. iiSlj Si jll viijL^ Ijl .AT = m(A + g) 

(^ya j-^l (jjjLiil Sfl_>ja ^Li i(j-tl (Jl <LLaX.) A vTuL^ Ijl .N jba n Jl 

~ I U. ■» M Ul ; jjj, 'Jj L i 4_, j t ,7m Loj .jLlsiil ASjI Ljjl Sl_>ll « j * mm » j iYYig 

CiiL^ Ijl .(jjjLU.1 J-c AT S_aii ^Llll J^. Lgj^jS gal m > Lo-o .1 ^ -°l (j , a.jl llj 
Lgxaj3 (J^! (jj^JI jJj-*jLi 5l__>il j ■» mmj N = 0 (^Li ((ii^^ — * jjuaj) A = — g 

i — mgk S^jlj l(jjlr. jjJj o^aj^l JljJ tSjjAa II j .ij-iiajSlI Jx. S ^5 ^jjJ ^ 



^LUI (jJJJJ (JJJU 



. 4_ii2 Ljj 



JV 



(v) 







4 
} 





0) 



.V— X Jlj oJJ (^j) II p -"^ II la (!) a u^gJ f> Mij :V— V mi 



d A gijj ^jLtuj-o J^aJJ i_Li-lj j A lj taJl <jl CjLjjI I J q ) <^cl Sj^-Lcaj 

— (g + A)/c 4jjjL=k ^ La C uJ^J^ J-C- d lj t^jl n "in ^c. jj ua (_L=».lj jaIjUII 
i^jUJI Jl LgJ'^Li. (^ya jU.*." ^| ^ .U" ,„" jil^jj tlxajl ' (^j^-l jiJ lj| -—gk ^ya 
( J_C ^^a_i^a»a 4Jal lujj 4_j| ^1 L£jLtuj-a Jj^Ai-uaJI (jl^ 1^1 La ^-Iaj <jl (J-i^JLtull (j -0 - 5 

.(^) J}~» III (j 3JLJ.I £>,i$J LLs>_>j i.wj i-s^-tu [sjLsLII .i-sJli^a i-j^j^ 



Jx,Ljuj .j^Lst ^ u - J-c- m jJjH .(dl<"<->Lj llii! jJ^Xi £-V Jlia 

^i5> iiMjI^I j^JI jljix, i^lSi Ijl ^ -llj 2l-< II ^ ^^1 dK"<~^l 

(_jjJI (j-o>l' " Laj ^ii^Lu j^,"^"' jl ,_Lija 2 l"< II I 3<j^"" ^pJI isLuil Lai iff) 

jl i_Ll2 4 1"^ 1 1 <jijlM m"l 



mg 



(v) 



0) 



JjAIij .K mllijJIj K ."I .< II ( -y a ,3^ J-C J n"l mm Ida. d U . ... .11 5JI ,„t| fcjjfc 
(j v_jJLkJI iijjua j^ila ■ ~~ al£ JjLuil ^ lift I^Juiu j! SjjLu^l 

K mllijJI .JLaJtlxu^Ll SAjLS Sjj in (j iijjiil g-oj dfl lj| Lo I iAj) J^la »j t&JLa-U 

<da -I' 4>ifl> ^JJjG <jl Loj jtLDSiJ <Uao2UjJ| 2U .11 ^1 ma 1 d _, jlU^ (p = ma ^1) 

lull 

(3 Lo^ X * j^j a 1 1 t£j\ ojJI ^1 '"'^j^" 4_Li£JI ^1 ^Lflj 

a y = Oj <a x = a ^1 ^1 :x aUJi^l j iuaJU. a 2U .11 .(^V-T J£-i 
(dUSliiJI S5UI r^jjsi (V-V J*s A) 2I"< II j_c. s jj^il <£>2JI .(<ulLu a ^jii jl j2>") 
^l~ LgJj-u ^jll! / dKl^l S^jjj i^Ia LgJj-u ^jlll AT 4-iJ^ojlJI S^illj 

jSjlj .AT - rag = Oj -f = ma ^1 JlFy = ma y j Y,F X = ma x ^ 
iiLuil .a = -f/m = -n k g li^j / = \x k mg J J = y k N J 

(j-kjG (1-lld) 4JjL«II ^ 5Jj(3 mi L&jI^-jI ^LLj)H j D S^UslI 
iljUll ^ mii sjUjI ,^_cli ^JLSj'IJ ^jH! T (^ojj! -D = vll(2n k g) 

■T = v G ln k g ^1 (1-lla) 

c-LLi'iLl ^„^*i mm iSjij J- 0 - 1 ( 1^ '">) _A>^ t>"ll ifi'ln (l7l2j Wll) ^"il'l's (j-a 

M 




itS JU iL^JI v ,„-w| .((t)o-V JSL& j J*LJI <*^io) iLlS S jiJI j*^ ^H 5 ^ J-t 

(jjixs'^lllj (jj^jJ! ji-lJC- (jl^ <jl ^j-jLjJI J.^nll (j Lla l^gl) -jj^jJI (J aAllj 

.jj^JI JaLflj 4 fMO't (j^^j (jljj^!! Jj£ J mi 1 1 (jLi ((jjiLol > l|j ^jj^JI (j-tj 

jj^jJ! it jvojc J£ J-c Sjj^JJ 2 .!< II s^SJ! (^1 3S iS-> J^. Ljxa oLu^ll 
<4_fc£JI oj^; '<jjj 6^ '■H ilj^=> csjL"" -HJ 

OJ * II 4_£l^ ^^Ltuj La S^j^ll 4jJ^J) S^iLlI <jLj ^jL\JI (j^-ij (j^LS — 

J 'i C. 4 uiitj jjj, J mil /jl t^jj <" Lo^ ({J\JJ gjl ^ « U" ..."t I \< ,■>, j, d " I r ^ isj j-^s_o ^ I j fl i ^ ^ 
(j^j^-j-tu J mi 1 1 (jLi t 1 J n 1 ~v Sj^-jJIj JJ_5-ll (jji-o'^jJI (ji^ Ijl ^1^- .jj^JI JaLflj 

t( jj jL L a | ^ j^JJJ 4_1j^JI 4 ^ Qc ) II CajL^ Ijl jJ^JI JaLflj 4 mQ"t 

mi i k Sj^j 4^-JLa Ji-ai iCjIjLui^II (JjjjJ ^LaJli .(jjjj! ill JjlaJjj 0-V JULe 

m2 2U<- <ii^.^a a cul^ lj| 4_il ^\) ak Lj^L ™,2 2U<- Jl ll^lj 

^0 



\j[ .-ak ^ mi 3U<- ^Li <Li ji i=^U JjLs ^ jjjJI ^1 .±m~>j -(j^' Jl 
r^yA WI2 3I~< II (^l^JI (jjjfi 6^^) §5*" <JjL«-o ^Li <T _>\aJI j j-<iJ! ^L^ 

Tfc - m2^fc = m2afc (3-6) 

mi 5I'<II S^UI 3JjL**j 

Tfc - m^fc = -miak. (3-7) 

: Jx. J^aaJ T c-ila^ .T - = -m.\a j T — rti2g = m 2 a J-c J<<~,-^ \ 

mi - m? 

a = # . (3-8) 

mi + m.2 

^ „ m.im 2 

^ = 2^ ^— (3-9) 

mi + m 2 



JliM (j m_2j m.i Jx S jj^il (_gjSll 2^ ,^ i^Ls «jaS ^1 Lki. jjJoj 
jj^J! j-ij i{-migk) Ji-ml JI iujUJI LaA mi J-c. jjj>J.I ^Lj^EJI .JjLJI 
1 Tj .mi Jx. S jj^o 5^3 cwtnl m 2 J-c iilSlilJI iujUJI 5^3 ■(Tk) Jr.1 JI 
Sfi T <JilL .mi 3I*<IL iuaUJI S^ill iljLsLx, j m 2 g S^DI Ljj Jjjj ..." <j! 

.m.2 3I-.<II . 3_uaUJ! s^UI SJjLjuj j SyLlI L$j J,"';" -" 

'Li.j (J-^J * 5 <al v^jl^ Ijl La 4-iLa.^!l ^j^*** ° Sjlx. i i mj£ l (^l '- ' 

Ijlj <2_iLa.M,| ^jji La J ■» j IL Lg-ii ._SjJij Sjla a Sj^aLi. v2jM,La. SjLc J^-jj ip^aj laa II 

.ix^LLJI v^LaJI ssjjji (j SjlSjIII 2 .511 J| Jjjj ^-s>^ LgjLi .2^ ,^ LxLiLa.1 ciiL^ 
j fLki.^1 JI SiLua^Li .Sjj^I pLk^^l i_al m"<l ^ SjU. L\j5Laj ui$-uj pI >^)!l I1& 

■■■ Ml 

(jl^ \j[ a > 0 3 ,mi = m 2 \j\ a = 0 <j! JjLJI JLiLI j jijii 
M i^j .^L»ijlJI £>ia> ^a jiH (3-8) SJjUil .mi < m 2 ^ \i[a < Oj .mi > m 2 
T = m\Q (jji; (jl jSjIi ^5 (>j l( jlj3l LuJ mi = m 2 ^L^ Ijl <dJj (jc 

W 



Cj\ Mun 11 Kj^ lllJ I^yjljJI (jJ^-lj (j^-*^ 

s 

(I uojl j> 1 * \ j .711-1 = 1H-2 U^cJ lj| llai £-a J i" (3-9) 3JjL«Ilj 

jS^Ij 3JLJI isjjSi (j .7112 !*rJJ^ j^l 111-1 (jj^ Lo-ljc 4-uaUJI 3JLJI (j loLma 

3JjL«II < j^jSII 33j3~> j .a = g ^1 tj\ ^° -"j cs^l p "'•> H Jj-° mi <n~ 

kxu Jl j 7112 JLcuS>| l'.'»< ^) 711i » 7112 <jj£j LoAic. £a _-"'■» £sji5> Jl ^jj". (3~8) 

J-c. SjLj .7ii2 s> mi (3j^-> Lojic (j\jlo L£) a = — g Liul 0 ^♦'j ((^LSllj 

gol) <GLi ,mi » 7112 (jj^-J Lo^ic ^ 3U ij J^-I Jl £ jl mm* 7112 <jl i±m-> idlJj 

'7ii2^ Ls> jlJLo ^jij J osj W-2 J-c S 3jKII SySJI <jl 3JLJI ^oa j 
^jij Like 2m 2 g J^ji\ j aAJI ^jij $ Ij^J ij^I Jl L^Uj;! 
a^l^l (>a vjJLS". mil (mi + 1112) ^j^j I^a (3-9) ibbdl .mi » 7112 

.W-l » 7112 La.lic 

°-V JliLa J^j^. Ij\j£ jjJU JIJ-uj dLia> .(3 1 i^ij^il £_o jjjjI ill jjt) *\-V JLxa 
« ill ^^U^) ? J^UJI J^ ^1 l^, jsp ^Ul AT Jl S^SJt U :JLUI 

lj| (S(jxil iS U I J jj ' l i—Sj-uj ^jjJI SpljILlI Lai 1( jjjI ifl 1 1 ^S. <la£L jl J a II J-^ij lj| 

Jj^l tjJ^J-" <j>^ J '"' •"*' (jl J^J^-ll J- 2 - I *' a I '(jljjl 4-lLa. (j <la£Li jl J a II (jl£ 

£5 <>j 6^->^" m 2j Till .jL*^- 11 6jj j'^l <3 c5jL^ N J-c- 

.(jljjl (j I" mm! Lo^i 
d ^ U/NI ^ « U « I ^jLjJI ^jj^ij (j^&jlJa jj-o_i ^jl ^ U o \ 11 ostb S±£~ U & II (j-o 

^1 (> Sljlil) 4^ ,11 

JJjlj i (JjJaJl) jLik.^1 OjS llaLki (j AJ-uia. JU Fi = midi 3JjLjJ.I - Hal m ii 

J^ Pi Ulla Ijl .Xi^i = SiTlli^t J-c- J'^'- 1 isJlLlJI ^jL«II J-a^jj ,(,-,1 aj „,-. II 

2 »i^- 1 ill (^^jSJI (jLi i^yjLill J II (j I j I * ° LoJLo LILoj '(J-i-lj ^-j^j i^^j^ 

J i^Vi Ij^jj iviJUJI (jj^fj (j^jjLSJ 4 -> m'i LLjj LLjj ^nIjj 

-Fext = Yj^idu (3-10) 

i 

J^. S jj^J.1 (^(3^'tl J^aUJI j! S^iJ! jLua ^1) 3jKII ii^. jUJI S^jiJI ^ P ext i±m-> 

..UiUI 



:^y^~ (3-10) ibLtll ^La <a 3U ^uii I4J ^LkiJI oLw,,-^ J£ c^l£ 131 

F ext = Md, (3-11) 



. f UiHJ <1&J| M ^_ 
ill J*. (3-10) iJjbdl jllai L£3 
(3^! (3-11) ibL*ll ^b-^" n.l jjJaiiuj ">! .(uj^l j^ac- <ul <j^^-4 J-aUJI J-a-%) 
.(3-10) iljUll la^Jj iiill^o il£jLu3 I4J ialLLil ^LklJI 

SyaJlj jSlI iujUJI Lusi f.\ tV<ll ljjs> J-t (^Ij jjJJ-I <j^"\.'»^ ^I'j-^ jUJI ^IjyLlI 
:Cj\ (3-10) iJjLdl 

-migk - m 2 gk + Nk = m 2 ak - miak (3-12) 

(3-8) iLiLJI lnJjbca .N = (m 2 - mi)a + (mi + m 2 )g ^■'"j 

N = 4g (3-13) 

mi + W2 

nJ^LaJI (jjj "Li^jLlJI Sjill £y\ 1 (^1 ' <jLi "^L) jJ^LaJI (jij IjI 
mi = m.2 ujIj La^kc <ul .(3-13) ibbualJ ^Sll jJ=JI J[ ikLu^ ^-sLu^j 
Ijl .^IJm^I <JI^ ij La JV = 2mi^ ^1 (3-13) ibUll ^ a^_i 

lj| <idJj J_c £Ujj .N < mi^ + m 2 g $ (3-13) IbUll ^ glu <GU <mi *m 2 

<ULi .(3-10) iaLsJI ijjiilJI 4-ljL*_o ~> fcklxub JV \\yn^ [XS ^ fi. j]\ J*. 

S 'j^j 11 ii^-jUJI cs^SJI -tjljjl <JLa. j Jx,UJI J 5U^M aj JV jU-jl I !'■'■< ^ 

(3-9) iljL»il ja.1,.^" n.Lj iJV = 2T J Ij^jj .JV Ls> jloix, S^Sj J^I J| ii^ jSlI 

.(3-13) iljLxJ.1 J^. Jj^aj T (^jc (jAjjjijII 

A Lajjj hZijLj B SjijJI j_Li^o .LigJ (jj^j (jljLtula ^IjjijJI .(I)"V-V J^-<ii 



jli mi = (l/2)m 2 j^ *o1 (V-Y J Ha) J*AJL LiJj .d^Jn <jt l fl '.<^ 

nit Jj_>j LiiLs <UjIj inf. W2J Wli Ijl .(^Ijjl SJLa. (j i ui aUalll 




m.2 



(v) 



0) 



jj llaaJI (j ^CjiJI a I tall I jl Gel ""II £y* .V-V Jlli ^ a " ^j" p-tuj (I) :"V-Y m 



■ ^ US" 1.1 



^AJJLJ ilislj Ji=u JJ>1J J^-ll Jjl-ll (jl <ULiiL=J S j-diLua ia-iii ^^t, ^jjJI <iS*iL«JI 
(^j\j_Lfi^aj la-tflj (jl l la * T¥l\ (jLi tlia^j^-a J-*^l l)-^- 1 •l^ =k - £-jLtu Llajk. j o 

Lii^C-j 'J- 2 -' ijl I ' '"lj ./ '"> fe *LaJLa LiLkjl Ijl . 711-2 I j » CUjJ i-^a^jj J£ JjLLo 

.-2ak (jj^i jll^ mi £Ux ^Li <afc L$-iL m2 iUx 
.Tk-migk = mi(-2ak) J j^j mi Jx ^1^1 lA5^ J).'.'^"'.' 
■J ' (_gjJI "I lalll J-C- <jj£! <2jj <jl) ?H-2 J-t (^Ij-I! dA>" <j^^ 3 '.' k*"' 'J 
.2Tfc - m,2gk = -mzak o^j ((»_)) VV J£_i j « UaVU jjj'm-ill 

<\<\ 



(3-14) 



a = 9 



T = 3g 



Ami + »i2 ' 

m,\m,2 



Ami + m-2 ' 



jl^ii ^1 ^jLSJ! J-c .KjSLl^I ilLux, jjt'u.i'i IliU mi = (l/2)m2 Oj^; Loalc- 

.m 2 » mi ^j^j 





wig 

(v) 



C'fflfcO jgaTE; n 

p U U LI UTJ □ □ U U LMj I3TJ U TT| 



0) 



.A-V JHaU (,_)) _>^JI - aa II l^^.j .(|) , . Xjl j :V-V J< m 



i'S in 4j_>£. i an — ^ jjj 2 U ...Ij . m 2 1"< ,-.5 ( U . ,„ . 2U i~ (jjjLtLa) A-V Jlx« 
4laX i ' -"^ I .^ojI^JI 0 iLsLj JJ^-M - (V-T (J^-to) 2<*jl ..." ^ \ ^ \^ 

\ \ \^ ) ) ... 2_i 

vjj a "' ' d)^ u^-J t^JI mil a J (j I d a ta 4-iL^.| Js- . .M U 1 1 a U » ^ J i^a ■ 

(Jiic'i Lg_l (^Li i^ljjl <J L=» (j c ""I m 2I"<II IKj^LLu,! 2J| „ 10 ,- I 

y j^J.!j iLS isSll x o^J^i tA^Iil Oej^l 131 o 1 ^ 1 



ol a wn-s. 11 l£^oLlij i^yjljJI (jjjjj (j^jLS 

<Jj^JI J_c ^jjjyLlI (v)^ - ^ J^-"* = Oj — # (j Li ((^ojI^I 

:(jLk«3 F = ma 5^5i) yj x (jLli£ -A^b J^' s i> 3^ ikxol^j m 

Tsin0 = ma, (3-15a) 



rcos0-m# = O. (3-15b) 
.a = g tan 6 J\ tan 6 = a/g jx. J.^V* T eiiaj 

(j^^Li-j^a J_iJ_zsJl 4 *C Mil l 4_i^_*_i 4_l_ua!La j^oLa-a (j^a,,^" m * uJ^LLdl (j-a 

aj^J 3 j-mllL jl mla cxmJ m II (jSl i(F = 0) JjSlI (jj^jj O^^s ^.b-^" m.I 
Jj^l <lH3^ O^^s aJ^; ob 'Ijo^oS IjU=| C wmjI jjL^ll £>i* (jl .jjUJ.1 

£ ^aill (j-a <j£K"~J S^S J-o-%J S_alil llfljjJLj Jj-*j jd La Ijj5> jllu^l jLkl (j LLp^ua 

L^IiLil t <ULUt «S^SJI» .^liJI Ji^all j aUjtTw.il ^jJI 33 jlaJ.1 

Jl lliil ^ ^NliU ^"11 j^JI J^U, (v)V-V JSLi, Jl 

J"->^j J jjJalxuj .(-ma ^ SiJlUI «SyjJI» .Ijfl-^'o) ma L&jlai^j jLmJI 
(j^jiU Jxhj.mI |jj (iiiLis^l «S_jiJI» £sla> Ji.J Ijl (3-15b)j (3-15a) £>\lJjLtll Jx 
I n(j i jjJj mi jl j-sj Lgjl J-c La> mi a" (jixu *i! «SjSJI» 6jjs> (jl *^!l ijj*i!l (jj$-" 

^li,^->" Mil < jOa" a (_gj" mi a (j .ljLu=J Jjilil (ja 4j| £-aj (J-^ C5->^ 4-ijLa 4_t5b 

J_C mi < (_y£5_/L»j LljLi i4_i_toLLa 4 lafej JLi.jlj t Li j j i o ° IjLLd d mm I jjLa_a 

.(_£j-i$-aj j,>£-a (j jjLa_ll 6JjS> Jjjs jd, oil 

j_c j;- mm (n) (jjjji Y • • (jjj jjalua .(3£ ssUJll j dK*^ Jlla) ^-V Jlla 

jj uaJI (>u ^ j-=Jb (j,^ '"I" '"^1 dK"->^l 'iLaLsLxi .A-V J's mi 4-> Sjjisjl 

(S^Lu SjIjjJI (j (j^. Mill (jl (j^a/Ls! ./Jfc = O.lj l-l s = 0.2 LajSi iijisjSllj 

jjjj ^1 S^aiJIj jjaluaJI 3Ur, l-imi-J .A = 0.65 m/s 2 SlilS Sl^<i vijcjLuu ^ 

(j^. Mill <L_>£ 4 1^. f, (jj^J La^jc (jdl^xdl (jiLflj (jc i_i -^.1 .(j^ajj i^ll J^ 4_iiij"i!l 

.A = 2.5m/s 2 

(j-a jvLu .v2j"i!jL«J.I JjS SJLuil SsAgJ (_5-a-^ ja^i LlljJ (jjij (jl f-g-M (j-o 

JjALuaJI jjLi liail^ 4js.jOj l^-*-^> (j~> "'II 4j>*J ^4 3U ■»!! jljia (jl^ lj| 4jl Sj^aJI 

> • \ 



A 



mg 



|JLIUUUULJULIUUUULIULJ| 



(v) 



0) 



t \-X JULqU (^j) f ma II U ^ j ^ ^ ' ■ ^j" p "ij :A-V mi 



4 a ""■ jl oaj S_aiLll ijjfc d 'If 4 i i^ij^II LgJjjj (jllI .'IK'.^Nll S_a2 JjjOi-uaJ! J-C. 

<1A?^> ■k*/"' li-^" ls^O '((v)^"^ <# ^2-^' lil) 

j-i^l A vlul^ Ijl .4lL=^c (j Sjj^vAxi Jjj tlxaJI 2 1"< I l^jl , nn L&jljSn jj^-i jl ((^^" 
JpI^J^ll f-Lljl 4 ' i^tj^ll J laj uJj tJjjwU-uaJI Jpj^i- 1 *— ^3^3 C LS^ '*H < ^*'^^1 1 ^ *'^ a o 

iSjILlI £>jjs> .(3 1 i^ijnLI 2 . ,„'.ll . pIj^jJI Jl ^ \*. ,^ll ^) ii^Lal Sjiu jjJj 

JiaJl ^Ja-uj <((2-14) iljLjlil) ^ j^JI dK"i~^l CjJ^^ mL Lft.il jS-aj ^1 

.(A j t i^l I Ajl q (j^j^-i-tu (j^-lj t^La^ll ^1 d a JJ t-Ji^a-tu (^j^-ll) Jxj ^ 4_La-C 
iLSJ^La ^1 uu\ 4_ij£- I c jl "■**' a 3o ^ (J^ '^1 ^° t — ^J-*-^ (jl J-i^>J 

2U<- ^Li A < Ao c^l^ Ijl .Ao 'U. j~JI aJa «JI 5^3 .. — -"- J dJ jJj 

S^aUl ^ / cxi^ :/ = raA ^liJI <£j^ <> J-u=^ja <A jjii j^aluaJI 
4J cj-"uJ (Jjjj-uaJ! (^1 '^11 2I"< rn.j ( 3 1 .^j^l L^Jiu ^jlJI i^Kl^^l 

(jSU .//AT = A/^ oj^; '^?J ~ m ^ = 0 gj^.'^ jJI £>U^I j iL^c. 
j^Ji^l J -i^> dJj J-c- fLlij .//JV < li s J-c (^ali 0 <j'l',n^l dl<"<^l jjiU 
J j^Ji ^7 = 9.8 m/s 2 jL^-Lj .Ao = 3^. j^JI S^SJI ^ A Ijl 

Ij^J ;(3jj1^JI 2J^ ^ A 0 J -1^^) = .2(9.8) = 1.96 m/s 2 

\ • Y 



Cj\ Mun II Kj^ lllJ I^^jljJI tj^-*^ 

JjAJ-uaJI jjjijj ,A = 0.65 m/S 2 (^x^J LaSi£- (j^. mil il^c (jjiij Jjaj-uall 

.A = 2.5 m/s 2 ^ji; Laikc 
<0.65m/s 2 jjjluaJI 3Ur. .A = 0.65 m/s 2 ^ji; Lojic .JlllLj 

f = mA= n 2 0 Q ° n ? ■ (0.65m/s 2 ) = 13 n. (3-16) 

gr'Twn* ./ = /J fc iV = \i]jYig 4jgK~vdl 5^1)1 (jjii A > Ao <jj£; Lajic 
illgjj .a = /jj,^ 0 taju (^ill 1/ = ma ^lill <jjjfj <j-° a il^c 
a = (0.1)(9.8m/s 2 ) = ^ jjjluaJI 5Ur. J j^i A = 2.5m/s 2 ^jIj Lojic 
S^K'^I S$UI .( j^jluoJI jx. a^ba *i Lilj S^o) 0.98 m/s 2 

/ = /J fc ra# = (0.1) (200n) = 20n. (3-17) 

Jx (jlj-oijlj ^ ij£Kl~^l S^Lllj JjJi uaJl iLa^C ^Li A > Ao (jjij Lajic <Gl 

.A 

JjLl* dKl^l jtitS) \ Jlla 

.mi 3U<-, jUJ j uiji .m3 ^ JU ./j k = 0.1 j = 0.2 Lus> m,2j mi £50 

.m2 J-c mi I4J j?>J3 ^1 i»iL&1 5_jiJlj <jj»JI <j j^iJIj ,m2 
W-2j mi (j* J£J <3j£j a' .W Jliil (j* ^LJ3 SjS»n 3-^ mj JliJ.1 lla> 

<Lo-i2 (3-o j-i£l m.3 Cul£ lj| (j£J *L>. jOj Sja ■» i<a TO3 131 -2U .11 ^..n'. 

<jSl $\ (>o 4^io ia.U-i .jJjjj i_S>uj (m2) JxSlI 2|-<ll ^Li ,4u, a ia.^a. 

jj^JI (j JjiJI (jl£ lj| i(jjL<i I Laa.) m3^ c5jL<^J ^ JJ^JI (j J-<iJI (jl g-^ 2 ^ 

.^jLailS j^Jj (jljjl ilU j <3jiL^ m 3 
j^i. jj^jJI (^1 (jisjiijj .A21 LgjL m2 iLa^ca Aii LgjL mi il^c <J-c.l 

^jiUjjJ iaii Sa^aJI ^(j?" n Lij^lc! jU .— Alk ^ m 3 il^C (jjij iJa-aJJ JjLS 



JV 2 



m 2 g 
W (e) 



■Mi ; 



m 3 



(?) 



i(o) Mil 3I-.<II _j^J| . ^ II UU;.j JlloU (!) f>-^j :W JS_i 



jLiLa j& JV 2 .£)*iljJI JjSJJ fl 11a I iuLu oLkk^a (j) t(g-) t( t _j)'\-V J£_uJ 

I j U-'j .J 0 mil 2 h< II jx. SjjAlil L$j jjJj ( _ j jJI iijj-ojiJI S_jUI jIjJLo j& N\j 

l->' ((s)^"^ ' " (j-o) ' LijLi <m 2 jl mi ^ (jH iixolj SJaX .J^-J j^JJiJ 

JVi = (mi + m 2 )g J ((yJW iP i>)j A^2 = 
: Lr k«j IK J£ J-c ^lill jj^ii (jjjjlS J^k^ 



/ = m 2 A 2 , 



(3-18a) 



T -f = m\Ax, 



(3 -18b) 



T - m^g = -m-iA\. 



(3-18c) 



.(Ai = A 2 ) 2U «ll j^aii Lc^J (^jSj Loaic m 2j mi 3JU. Jl jUv.l 
jioj ^1) r = (mi + m 2 )Ai Ji^j (3-18b)j (3-18a) ^jLjdl iiLubL, 



.Ai = gm 3 /(mi + ra 2 + ra 3 ) j^i (3-18c) iljbd! ] T ^ (jAj^jdlL 

riJjbJ.L, I^Kl^ll S^UI ^k^j 

„ ara, 2 ra 3 

f = — - — ~ ■ (3-19) 

mi + ra 2 + ra 3 

(jj^ j 4 N 2 = m 2 g J Lcuj 

/ ™3 



N 2 mi + m.2 + ra 3 ' 



(3-20) 



•f/N2 ^ /J^ u' -K/^-? 'i^p^"^' dK'-^l (j^l-S t* J 3 -" 

Ij^jj S//N2 = 0.2 j-ii^j 3^ _>^dl ra 3 i^s jUJ ^jU" ,„\ Li Li /j 5 = 0.2 <jt£ lj| 

.m 3 < 0.25(mi + m 2 ) 6^ //^2 ^ 0.2 J 
<tiLi i\ <> Jil Uib cx^i ( 3 " 2 °) <JJ^ ^1 J Ji^i 

Loss Ojlj I n(j n mi Jl 4j-ouJL m.2 Jpjii (jl ljjl ^ — 1 ilLa- j 

oi^ (//Afc = Mi ia^LjJl) <^dl m 3 i^i (jli /j^ < 1 (jl^ Ijl .m 3 

Laic iajLJ! ^ jiH ^jlJ! *ra 3 = ii s (m\ + m 2 )/(l - /J s ) 

= 0.2 

^U*" .mi Jl 4j-lu11L jJj>ii ra 2 (jLi ,m 3 > 0.25(mi + m 2 ) oil£ lj| 
(3-18a) <JjL*ll fa «/ = 0.1(m 2 #) <A>~J1 dKl^ll ^LL, / IjSliL^I s^LJI 
jUj)I (3-18c) iJjbdlj «(3-18b) iJjbdl $\ £J kLuu .A 2 = 0.1# J 

ra 3 - .Ira? 

Ai = # — -, 

rai + ra 3 

(3-21) 

^ rai + .lra 2 

T = ra 3 o . 

rai + ra 3 

4_££-lL ji>ll mijj J,>^ <jl JjLuJ.1 (3-o ^^jjJI lift 4jjfl~ mm ^jJI [jjLflJI J-C 

.raij Sj-iiilll i^u (jjjuoNlllI gia-uj jjc dKl^.1 JLL-jL i^^Ij j\ mn\ "^jj ra 2 

3JLu* La uul Jllil lla> (jj^J LaJj jMj jLux. Jx. jljj iikli 3_££) > > — V JliLe 
iLilii 4 t-i S i \ Ja_aJ__ys >ij (jjk -1^-1 J- 1 ^?- 1 .3jjjlj 4^_^ ^J-C (J-n" m" 4 & \ nU-iJ 



\-0 



° SjjIj (j .'Ij-.* i iTYl 4j tj£ a ■ ■ ■ _>i.il ._SjJ=JI Jj^sjjj <(ji*lnl ( _ r £-sl ^- ta — 
.JJ3JI (j ■) mil ^1 .V L&jhS n Sj-iLj ic _^j±j iY Li jlaJa 



mg 




(v) 



0) 



. ^ — v jllqU (^j) ii a ii la g _^ (!) ^ a * ■— o : ^ * — x & 



4-ljl ■> nil LfljJaj i ^JlLo it ^aJI *LaJLa *l -"I £j£ (jljjl SJLa. (j jjjiaJ a ■ II 

SjliSlI 5jUI .SjjUI j-o 3 j " ^ f 2 /r L&jljjLa 3U<- » . II ^^^Li (1.17) 
Liijl <((i_j)N *-V J£-<i>) j\jJI Lq-13-a.i (^1 >m-> II J^. Sjj^II S„u-> ^11 

.T = mv 2 /r jj^jJI ij j .nil <3j5L> ,^1 ^lill <jjj-" uS>^ ..It-",, .s jjUI j£ j-a ^j^j 
3jjLa.» SjLcj i<Lj£_>ll <L3LaJ! S^SJI Ul I ^ n mj jj_»JI LgJj-u ( _ s lll 5_jUI 

^ * "' «4_i^5^-a 4_oLa- S^S» ^IU .^1 I .((j^^ll \ d g j I I » d Ul ,., « . «" «4_jj^>ja 
(Iki.) jLfllc^l Jl t_j1i=JI ^ (^jjj I '-j -» a pL^jI iLa 1^. Jl ik=JI 

5 P ... & 

.'■It- Lo Ijlj (jc- La ifljjj-u ^^J^-" lj ifllLL-a S_a£JI £sjjS> Jj-o (jU 

t 

Sjj^-ojlJI S^SJIj i4jjjLaJI» '^"7 1 uj^LkJI (jAau (jli <wi J-c. Sjj^II (_£_aii-ll Jt 
i3jjjL=JI» : ( _ r g-s JiAaSlI Lai «.<Lj£jll iijUJI S^i-llj iS i I L$Jj-u ^pJI 

—"'I ^ " ^ j) m tLo^Ot ((.J^JI 1^1 ^p-ll tSj-lAlil 1^1 (^-^^ 4_iJ^O-3l1I Sj)0 llj 

.«3jj^_>il iljUJI S_jUI» ^IU I a I ,„l 
((iij^^l SjjLiaJI S^BJI)) ^ I U , ^ a (J^ S jfl ' 4_il^JI i La ) Lo Lol 

i 'j iTHV 2 /T L&jba aj gjLkJI Jl I .jt-a i^aJLa iSj-ojSij S^jS ' 4 "Jj " "J 

j .^Ijv^l 3JU. j II J J-c jl^)!l jIjj (j^ '^l (v)^ '"^ J^ 1 UliLisI 



,-,1 * . ...^ 11 l^xoLljj :^yjljJ1 jj" u jj^jUa 

.Ij^kS gjUJI Jl £>LaJj^l j m 5^ Jiu Sjlil ^a 
Sjj^o S_a2 jjaic- dlla> (2>J 4jLi SUvi jjJI j-laS Ijl La SJLa. ij <j! 

^jLaJI <jl ^liaj t_S^_tu * ua 11 (jLi jJ_aJI ^Ja£ La Ijl 4_j| 11» ^^ja (J" nil 

4j£. j-jj <aJLa 6 1 a J I (jl 4jJ£ a i "-^ I) (jLi Ijjfc La Ijlj / C^J^ Q lIj la 

£>.ia> 5jjLgj "i! Slax .. .It-" . ^jj^ laai .jjjJI Lgji giaj i 2 k.^ HI ,j sLa_s 

Sj»la-a ffl 1 ua II JJ^jJI Lj-i (_5^JI Sail I (jl Lojj .4_ijL<j-j *i! S_a3 ^1 (j-aj »4 t^-. HI 

2^-* 4jLi tUilj Ijfl ^ J ' 'J-\>H *-laib (jl ^1 LaLu 

.jj^jJI «. La3 2 U.^ 1 jic d aI ^"1 it ^jiJI 




4-ljia jjj 2 U ,,.lj . , ii ...II ^ m d"A"< a . ...^ Jjic KjJ~- ° Jj"^) N V-V Jlia 

^ ** ) j\aJI (ji - ^ <CjjLj L&jljJLa 3^ S^jjlj (3 ^fc-Li A * tua II Ijj Ijl .X. 



2 U <- jljJLo * ' g ' J tLsinO ^jjSi a ' II I g n Ktji ^jjJI Sj-ljJI j Lai . L-au 

<3l_ jj^il (jb 'j^j 11 (jlj^l -S jjIJ! j£ >a LSil v 2 /(L sin (9) ^ ~j m II 
.((i_i)SS-V mi) 3 1 ,^Jj\ 3_ujL_Jlj jjjJI 2 U ,„lj . ^LUjjjJ.! Lcusi a > II J_c 
Tsin6> =j Tcos6-mg = 0 ^l^U.-. p = ma S^IU ^In ml _>JI ^LuS^I 
.v 2 = gL sin 2 6>/ cos 8 J_=. J'-^'- ,^\_J_Lji1I t>> r ^I^j .mv 2 /(L sinf?) 



2tt 151110 = ZttJ 1 " 580 . (3-22) 
0 




W (s) (v) 0) 

(j) .J5U J^l IjJ SjL^uU ^Jl p , „ r I I UU „ (U-V Jllo ^iil) ( v ) 

^r-r jiio jiii) .-iu jyj-Ji jKj di&i^i din* ^ fj w p , „- j i uu^„ 

£ ^1 jLfij Sjl 1 nillj <JjLo Jjj^jlaJI (jl^J .'ll<"-J (j) dlljjfc lj[ j-^JI p ■ II UU-^ „ 



S • A 



ol a wn-s. II 1^_iaL1ij i^IjJI (jj^ij (j^iL^ 



3 . 

.^1 

j^j-o ^a-j 4 ^ jj jjjic I (j" 1^. f ,*j Ls ijp!j\jl (jjJ-i ^ j a '1 1 1 jLL=vj SjI 1 mil Ciil^ lj| 
y?JJ *((I)NY-Y J£Ju) Ut 'i^'itl jia2 i_iuaj R '.V 2 /R Ujljix, (jj£-JJ (jr 1 ^' 

dJ^i ub ' o'^'^ SjLxuJI Jx. Sjjjil SyaJI <jL"= ssUJil <jj^j (jl o^l 

.mv 2 /R L&jl^o 

S ' '^jH S-iii^l (jjii jj-lic .^La (jJiil JjjjiaJI (jl "ijl (jis Jlij Lie J 

jJajl) SjLxuJI i^jljLkl J^. ^jJaJI L$j jjJj / <L£K"i~J S_a2 SjL-uJI J^. SjJjil 
4_iJ^-aX (j^j^j aJ (j-°*3 t^yla ll I J^j-q a jj (jl uaj S^alLlI fcj-A . ((cj)N Y-Y (J^-to 

(junK (_gjJI jLk^l pj^. ai^ l c^->" SjI i mil <jl ULkj .SjI 1 -nil S^j^. ala3l J^. 

J m fl II (j JJ^I Jl'i*>a*» <L^_>^.jJI K ~\\-r\\ 1^ (jisljj i_S^tu) L t-i^. I LlSLuj (jjij JjJjiaJI 

_^JI dKl^ll (> -^1 dKl^lL Lis / S^UI J (jjl glijj ,((>LUI 

Sj^JjJI i£ jllj / = mv 2 /R ^U*" P = ma S^IU ^LjUSlI i£ jll 
.f/N < [i s (j! mm ^^IjjLi^I dK"<^l (j^LS .N - mg = 0 ^U*" 

.v 2 IgR < n s Ijl jJjXi <jl uj-^? o'^'^ j^?^ 6^-°i SjLj^JI J (jji 
jLk)! 3.wn:ilU 3J i> Sjl^ i^iS /j s = lj R = 100m Ijl <Jlitl 

^jji f ic j^uil i^j^sJI ixsjill j^l JjsJ 3 i(dU i-i I fl mn (J^J^ 1 J- 2 - ^J^-^J JaUail (j-o 

SjLu ^ax- iijlj^- (I^SjLuJI ^ ^tjj^ jd-xj .icLu J£J "iLi-o \^ iJU^- 31m/s 

■ Jjla IL ^yJaJLo jl jL-o J-^ J^-^dl (j^LS-i i^_>^JI j^dlj /^s (jl 

Jjiljjl <jjJ-> jl*^* ^1 I j '.< />. SjI mill (jLi i^La (JjjJaJI (jl^ Ijl Lol 

jljiLa i 'I "•-^ l^g 4 a u^JI jl fl i ^jl Ja^iIo k LaLo_i Lj Lxia ^^dl ^jl^ ^ i 

.((g)NY-Y J*s in) SjI mill j^-ll <> '"^ II kJaa a jGjCi il>o I J i " ^jjJI litj^uJI £sjj5> 
J_c 2 .<l<"^ I S^2 (_jl Jjjj H (jl ^yjLuJI LaJaa 1 1 IjjSi a mj pLjjl Lj in jrli) 

^ a fl uaJI J-C Lj^aC SjI 1 mil iimj ij^Ei^l J^. 0 ijjl^j J-jt-ll Jaaj .SjI 1 mil 

j ''I I jJi jJjH ^ SjLj^aJI c^\<. Ijl) jLuJI Jl diil SjL^uJI ii^ 
S^jiU iixuljjlj iiiiSlI (jLli^jil ^Ut" Ij^j .Vq/R LajIoILo (jj^jj t(<<UmS! 
(j! o^i .AT j^jj .AT cos 0 - mg = 0j N sin 9 = mvl /R aOJjL«II F = md 

.Vq = gR tan 9 



i^j^iJ! jlji^ v 0 cui i$ = tan l {vllgR) ijjljj Ja^j Jjj-I^JI 0^ 

Sjl i mil J-£ 4_i_ijL=>. S^i (_jl Jj-u (jJ Jj-ijiaJI (jLi ijjjjLllI Lg_i J^iLi l_r^ 4 la infill 
Ijl Sjl 1 mil JjJjaj <J^ ^JjJI (j cr^J '^0 L&jlj-S-a icj^uj ^ '1 '1 n 1 1 SjjLxJI 

fcjjfc (j^adaJi mi 1 *i! 4_!_ojj_ojiJ 1 JjjJoJI ^ggj, Tifl n (jl g-^l^l (J-° .icj^JI jLflj v^jL^ 

.Vq = 60mi/hrj R = 100 m ^ 131 0 = 36° ^^J^ ^1 <JjUil 

jljjLa (jc i qI"-^ n L&jljjLa ic j-ujj ^'i^'ill fjaJI <j JjLuJI jLj Ijl i_ida»-l mi IjLa 
^Jj-uj SjL-uJI <jLi = 0) LaLcu LLlj JjjjiaJI Ijl^ ?fo <<i=s^p*-uaJI>> itj-uJI 

oj£ Ijl (^iajil JiJj Jl jJjMl^j > vq Ijl ^^^ill 2;^^ cP^" 

Lgj jLflj (jl V ic j~ju (_5-a3l jljilo La :ij-cu5>l jj£I Jllll J-o-*-ll JlJ-mJI 

i_R V^ll jJaS 1 QifVil 4 '11 ■» n juS jit (iiljj ijpljjl <jj' ij p*'"* p ,>?-^ Sjl 1 Mill 

f ,,1^ II UU^o y> (j)NY-V JUt. ?)L/ S ^tWsll d^l J^L^j ,0 JJ.I i^ljj, 
j .(-JgR tan 9 LpL vo >-sj-»j) v > Vo jIaLo 3^ j-uu jLSj Laic S jlwnll j^JI 
jjVJI Jiuft oljLWI Jx. JejkJI t^ 1 / <^m=>^' S^SJI iJUJI £>jA 
ij-JjJIj ijiiSlI (jLl^jil .(jj^lLI J-cS! S^LII v < Vq <jl£ Ij0 

itjLkju F = md S5III 

. n £ n mv 2 
N sin 9 + fcosd = , 

* (3-23) 
AT cos 9 - f sin 0 - rag = 0. 

:jx, J '1 Nj f II ^"jn's II jLj-j)! J^-IIj 

f = —— cos0 - mg sin6, (3-24a) 
R 

N = — — sin 9 + mg cos 9. (3-24b) 
j Luj^ja-a U j^I Ijl <S jiLva (3-24b)j (3-24a) a>^bL*JJ Jx J^aJI ^ 



^LUI (jJJJJ (JJJU 



(v 2 /.R)sin0 i^^j «jj">'iU J^jJo J-c (v 2 /.R)cos0 I4J 3U tU J 

:Sjj . ■— 1 U Jx. (3-24a) 3JjL*1! SjLc! ,^-aj 



/ = ^cosO (v 2 - vl) 



(3-25) 



cote 




jljC r. J-Jj-a (j JJIj^ ilJ_^oJ>Jlj J ,<K"^MI (jG^ill £jj d , ...\\\ ^LtiJI j>_ujjJI l^V-V Js & 



1>jJjL*J.! (J-a f/N 2 . ,„'. II (j^a.S Llik. '(jJjjj Sjl < mil Ciil£ Ijl La .ii.k'I 

lia, ;>j (3-24b)j (3-24a) 

/ _ (x; 2 /^)cotg-l 

JV (v 2 /^) + cotfl ' ^ J 

.f > fo oJ^- 1 La-^- (3-26) itabuaU ,^-aj^l ■ gjUII QjLu ULuj NV-V J< , n g-iiajj 
jL/ 5 > cot 0 I j! .v - 00 LaK cot e i^U! <JI Jj£S //JV J .k^ 

\ \ \ 



III j»J f/N <^uU! 
r^jij La^ //AT = ij s <jli /J^ < cot0 <jK Ijl 

/J^cot 0+1 



gR <zoX6 - n s 



(3-27) 



J ^jll! ic j^uil jljjLa (_5-a3l jjSi (3-27) 3_ljL»J.I I ajt^n" ^jlll ic j-jJI jlji-oj 

• j^jj' a3 J tr"^' j^*^ SjL^aJ! I4J 

^^JLilj if < fo (jjij LoOic- jJ^itl Jiuul J! jXjj^l iijlfLol o^aa 4 Ijjjl lj| 
Laikc l/l/JV ^LiaJI f-">_>JI .(3JUJI 60A j / <ji) \f\/N 4.w,ull 0 ^-> fl'i (j! 

Lojic. (^kc |/|/JV 5 w.nll (jl iaa^ .M-V J£Ju (j gjia^a V < V 0 <3j£j 

Ji-^S! jJ^lj (jJ SjLxJ! (jU /j 5 > tan0 <jl£ lj|j <tan0 I^2*j3j v = 0 <jj£; 
<U. _>-JI 4c j^J! jlaiLa jx. J-uaaJ /j 5 < tan (9 <jl£ 13! .L^jjLS ^IkLj La^o j^vJI 

V 2 l-/J 5 COt0 



gR [i s + cot 9 



(3-28) 



LgjLi <(3-28) 3JjL«ILj 0 U» II icj^JI jljJLa ^ jj^I jLSj SjLxuJI viul^ Ijl 
<c^u L^jLi2 (^ixLj Sjl wnll (jU cot^j tan (9 ^ J$ ^ j^l /j s ^ Ijl 

COt 6 Ijja. S^rt-i-ua 6 £i i(_JjLc JjJjia J- 2 - 4 °J°^" c£-aj ^ j^JI lj-& • J^L^' aj^ 
(^jj^-i (jl (j^-o-i 'JLH.I J < < mi J-C .(jl < mil 4 1 1 ~w J_£ 4 a < S -. j (ji-oj ^"[j '(l^?" 

45° JjII ojljj i? = 100m Ijl <d Ji^! .0 = 45°j /j, = 1.2 li>J 

Ij^jji (jla 'A I L^j J^-*-> (_s^J' «4^_ii>_uaJI» ic j^uJI jIaLo 

yjgRtan0 = 31m/s = 70mi/hr. (3-29) 

4x.j^oj ^la^lll ^gl ^ Mill SjLi_to jLLaJI u_S^_to^ La (^^1 4 ^ ^M*S Jl>l CjLj^^I { J-£- 

jaij j^l Lk jlaio 




4_ij^j (jLqjLi mi U (J^^^- LujLtuI 4_i^jlj oljlj-Q Mill jLo^l (I) 

4_jLj (_£j^9*S-ll (j-°.>^ 4 -A>*- 1 ) -3/2 (jjJ^iLl 4x.^i^j-a mil 3-^>° L&jLjljI ^-^ ' ' 

2 III jic t = 0 Ijl .(_gj< Mill iiol^ Sjjj joSII ail a. j^UI (j-o_>l' 

4 i nnlLs (j^aLsh. 6 L^J I <_jl \j\ t7i n j ofl II <jl nit I 3"\>° (J -0 ^ a " Q'* U^~* CS"*^ 

Ij A j\-uii (jl ^Jl — q fl j 1 1 jj-O-^ O*^-* 1* (SJ3^ Cy^-J^^ <4j_jLjJI Aaa J II 4 la ^jl 

. a.jt". UjIj^jI ,j SjjLjJI a,j ^jJJ a J 1 1 jjjJI &l aJj^ll (jui'i J| 3_ijlj Sj-o <J — - ~ 1 1 

(.SjljjJI jjUJ.1 ^ SjiJ ^jjLjji 



.L^jj^j (j (jun Mill (jjii 4 hlfrl v2jIj!ao (j <ij j a jj cj^Ij^-11 (-^-) 
(3 mm CiL^I mi n ^ mi « \ j cJ^^ J| (J " n Mil l ^j- 0 j t~ifl II ' QiiV* 4^JLo (j) 

Li& <uH jLmil «Jajjjjlllii j-»lll) .3/2 (jiiSlI Jl Lc^ij-o (jnn Mill ^ LsijL«jI 

JJ)~fc 1 I ' <ltt~i\ ££^LtULl^ '(J "^ Mil l CJ^5^-1I LfljfcJJLJJ (J-ClsLilJbG J_X_il^ CJ^I 1~i MI^Lo 



.^LLa^LM jaS viiLjLiJ (j-o <iiljj icJLjJIj ^yjlillj JjSlI j-L£ djUl^Sj JIjjJI 

Lgjl (J\ i^yu^JhW j^Jl <_j£lj5lll J^. 6jj,jL\ S5UI (jl £-^>J\ (j) 

jiiil) (^ysLill J^uaiJl (j 4_a,Iflj i—Sj-uj 2^ a \ j I j^qL^I ^l"V*. ..Nl .4jj^!j-o 

(j) ^1 J^. iklill £>jjS> jic .([ijj^jil S^flJIj ijjIjJI dj^JLlI ij-a£] j>-"i2 

.SyLlI dlJj jlja n LjjJu J^jS-i 4 Vs Ij icJ^ljiJI J-C SjJ^ll S5UI isUsJll J^. llljj 

I * Mi^r. ' ml ) La 1 l^a^ (J-£ S^J^ll S_aILll jljJLa ( J ^)^9 CJ -0 ^"V. luIj 

lj <iJ j -. " n cj^j^ ,_a_u3_jj 4-ijj^qj La Lc^jj 4 n 1^ Q Ixna L j (j ill j^jjs 

^jaJ 4(j->"n v 2 /R 3Ucj v v^jjIj La> jljixi 4^ ^jjj R La> jJaS . 4in\ S jjIj j m 4"l"< 

P = (3-30) 

S^flJI <*ll" I j i iAi"l II «i_i t MilLl)) \ L0-LS3 .(_5_/Lmil J^J- 0 jJiflJI i_l (^1 ' 

La SJjJjjs S_a5JI j^l ^3^^ _^L»cl 4j^_l 1 ^ ^."11 (jAjuJ *i!La-o (jJJ-" mfll aLs 

.4jlj (_5_/Lmil 4 t-i miI^j 

:^js> .Sa^-lj Sjjj jjOj ^j^LII (j-ojjl ij-«^J cSjj-^I 

T=^^. (3-31) 



ol a wn-s. II 1^_iaL1ij i^IjJI (jj^ij (j^-iLS 



:Sjj»r>ll J_£ (3-30) ILL*!! SjUI ^-Jaj-au Io^jj 

477^ (3 _ 32) 

r 2 

:i_u^-j <jl Lij^-aJ <jLi <((l) J LSjJa) J? 3 ' 2 j-a c-ixuLjjj T (j| 

T 2 = k£ 3 . (3-33) 

J\ ! jLaSSlI JU icLiDI ( _ > ui: <J (j^_j k i_tuiljjJI CjjIj (jl (I) ik^LU 4a-»jjJI ( _ ? lsco 

.m ^aUI IK J_£ AalAJ ">! k <jl 

:J s^j (3-32) iJjUll j (3-33) ibLdl JUoL 

F = 4tt^ (3-34) 

j^j-o (jc ^ iiLu-o jjijj m 4lK j-al Jx i gJLJLl\ Lgj jjJj ^jll! S^UI 
<_ixuLjjj S^jSJI 6Jjs> .(^J^JiA\ J-c S_jSj j^aJI icJIUI (jj^-ij (^^jjLiJ LfljJaj 

(jJLzA.\ Jx. ^aDI I4J ^pJI 5^111 (jl M '.M/R 2 £-a 

(_gJLuA.\ Lgj jj^^j S^i-ll (bLaJi*i!l (j Sjl ua nj) jljjaJ.1 (j (j,^^ (jl 1~» i 

vIjjLjJ! (j| (_jl) Mm Jj^sU. £_o 0 .iiljlj (jl S5UI (jl ^jj LljLs ij-oUl Jx. 
Caj S^UI (jjjU (jj^-i dJj Jx pLIjj i(M ^ i_x"iljl> (3-34) i)jL*il j 4n 2 /k 
: j& (jjLZA\ j^^a <j^ R ±*1 Jx (m IK) j^lj (M IK) ^JIAJ.1 

F = G^, (3-35) 

.M J[ m Jx j-oIjlj •>! (iujUJI culS (_s-o-^) ^£ G o.^. 
J^j ^ .(3-35) DjUil 

Sjj 1 o 1 1 6JjS> (jna'i \ iS^jiil l\jjl-2 (jl (jj_J-ij J^^l «tiljj (jx *^ ti^$ .bjLa^l (ja 
(jisjlail (j^jj .jJj^ (IajI^jS ^ .»a"<l (i_sl£j) (Jjjj^> iL^lj^ (jx, L yi^Jni\ (Iaj 



S5UI &i& (jl ^J-*^ SjpJua ^LJLp. 4-ijj Lijll'in itllLa. ia-Llil LHjLc. 

j3_j .Sj-^ <"i (j-a 4J&sLuj 4_=^LiG (j^5j*i!! L^j S^jILlI ^4^-^ 

j-Lc (j (M->l (jl^j .Ljjc I (j" ^. n-i jLHl (j^-aj Sj*s a II ajj5> ^1 (^jjs LAjI J^S 

«. US m < *i! <Gl jiJL*JI Lojjj US in < j^aJI (^1 _>^-l tjj^^-" dj^-* tj' 

m IK J_c ^ jSlI LgJjj3 ^1 S^iJI ^Li .Me .> _>JL> ^ Ji\ 3 l"< I U> j lj^ 
j£ ^j^j m 3I"< II 3Ur, ujiij iGmM e /R 2 <3j£j <_>i jS!l ^ # isLux, oajj 
Lajit <dJj J-c Jlli i(m J-c aoIaj ">! 4 U II jbLa ,3! Ji^) GM e /R 2 ^ ^ jS!l 

i l _yaji\ ^ U in jjc ^JaSLu <La.LfljJ 4 La ■» II i_v^J^ ^moon j-o-S-ll <jjLSj 

^£ d ^ I a" 11 R e >. ' i{Re/Rm)^ d * i ^jtjla * II (j^^j^j (jl 1 * 

.(jiajSlI j^j-a ^ j-oUl dAJ yt> R m j '(o^J^' e-Ltoj ^ # e <j| ^1) (_><ajS!l 

(Re/Rm) = -Re/Rm = 1/60 ^1 <4Jajll S.Ua. JjJa. (j 'cHA^ f-lc J-S-l 

(>sjJI T i-n-v '.2TTR m /T ^ v _yiiJI iV 2 /R m ^ j^l 3Ur, .0.0002777 

JR m = 3.844 x 10% T = 27.3 JUoL .^jSlI ^1 5^^J ^jjjl 
J Jl J^j .f 2 /^m = 0.002728m/sj v = 1023.97m/s J^J 5 .jllJ 
v Lu^JI Ioa ^ all .a m00D /g = 0.002728/9.8 = 0.0002783 

p . ...... ^ 

^LlA ^1 (Jl Lo^ t4AJbjJaJI ^LiiLcj 4_LsLtu_u LLoJ-o (jJ^5-" (jl^ 

C^j ^.jUUI 

^jjJI SjjjLaJI S^jSj iijULo 3jL»11 * I 1 1 SJjLiltl <L3La_ll S_jUI (ja ma. 

(jj^jjjj^a djuixua.) lA^-^?- <_5' 6' O^-^'j .L nfljlf . (_><ajS!l I4J jjJj 

:La>jljjLo S^Sj 

F = G m *f (3-36) 

r 2 

r j II Leusi Mj m .iljUil £>ia> j ._>i5!! Jl ^ui„^ II ^ 4->"" 

.Lo^jjj iiLuil 



Cj\ Mun II Kj^ lllJ I^^jljJI tj^-*^ 



S^r^ ^jjj^ ^Jj^ Lgj jjJj ^jlll S^UI ^jji Lo j^iJI J-c- Liilj <_$jJI JlJ-mJI 

Sj-\j£ (j^aj^ll j^j-aj ^ < II £>\j iiLull £xi\£ Ijl SLo |\ i :t\y J-C ((j^aj^l Jj-o) 
^li.^->" ml (j 4_1LojS>| (j^-°-> LLaa. <iJLu5> (jji-i 1— hj 'ii Q iSjill jja^ 1 q 1 <i '< £_o 4jjLflJ.L 

^JjJJ Lulj oSJ .p wm^ II J| S jUI j^^o (>a isLoJ.1 ^ r $ jLiI^L .(3-36) iljbdl 
^j.n-> II isLJ.1 ujii Lojic ^^la. (3-36) 4.1 jLatll 3^. .^1 L^j2 dL5l dlla> (jl 

JlLo LLixua. j-ucl <JHU J-tiiu J-C-) Sjill jJaS i ftjuali ijjlJLa S_/\-j£ .A^ Sjill j^j-aj 

i in^. \\j Sjill j^>° o^-> isLtuil ^jjji ?" jl ~\r.\ j-o '(cv^j^l J-*-° ^j-\9 lH5-" ia-LsG 
^LuSlI SyLlI t^jjUa 3Jj>iaj (3-36) 3JjL«II j-ilcl Ijl^ <jl (jj^jj djjl 

jl uf.Li i4jj_j^ |\ i ma. (j-\_> Sj-iJI <_jl (j^-oll (jja (jj^-i 4jLi nljLn < ma. 

^ la S_jILi ^kJ-ioaJl (J-C _h3-> I fl J^) Sj-iJC bj\ i in ^aLic (ja LflJ^o £_>jjjJI 

_J (jj-ajj -c.""7> II J-t _^Ll*JI ssjjsi I4J jjJj ^1 (^^jiJI j-a^-j ; ((3—36) iljLsdL 

I (j ma'< (^jjii S^jiaJ! (j,^^ liijjill 4 l"i*s 1 1 £_>jjj ^jLi. f> < <ii^> II (jL^ Ijl^ <jI (jL>-> ^ < laj m < 
(iiKJI ai'<ll ^oii Nj) 5jU5-. 2l-< . dll t.- „,l 4ia^L 2I-<II (jl^ LoS 

^ia. <lxu ^j^ic ((^jLiilll j^Iu La.jl 4jl J a" < \j .Sjill j^J-o .ijc- 

Sj£-sl1! .t_jl ma II flj^-l J-c- IjjLS (jjij (jl * y\ J-oKlllj Jjislilll uLaj 
j_c AM Lgj jjJj ^jlll S^SJI .AM Sjjjc Sj^Lua Jl 2I*<II j-ijjj Jl--* ^1 

ssUJllj iwij AM (Iaj isLail r o-^> '.GmAM/r 2 i^jSLc, (jjij m ^"l"< ^ 

Jjj jJ= (jc m Jx. 2 ,l< II S5UI Oa-^j .Wlj AM (>j Jj^sl^l II JjJa Jx. S5UI isjji 

. i-^-, „0 AM 2I-<II 2U„,lj. m Jx SjSjJ.1 j^aJ ^q^" 11 - "? 11 

(_jjJl) (jjj-ij - laJi (j« uoJI (j 2 .aI'.'I I ^Lal (j ni^l J-^a. 3jlaX f-lj^^ (JaK'll 

(j^-iil^j j^jll ^ya (J^l (jl^ 3 4 1 -O"^^? - Cjl ^ * ^ U ^ !j (J-uaLfljJI c^l ma. ^ ^Aa-I 

<j-° o^J •f&Ji j' J^je J-°^jJI i>° "^Jj I jMij'tft QL5>_>j (iLl^ 

4 a <S~>. Jx S J mi < J-n" » t (jolilJI k_jLuia_l jil Ll_tu.ljj5> (jl^l plj-tu) (jlAjjJI (jl J-C jS^j 

(jJi <Y ^JnLLj (JjjSII <jl^ Ijl .isLail La oLaJ-ua. d>H 6' 

(_jjj| <Ll_olaJI _/\jLj (JJJlBj (jx 2_ijj^ j-jjjj I-Q-lS jinn (_j-^l 3JLaJI ^^jS) (jj^J 

.SjiJI j^j-o .lie ic^a-ua^o <iLtflj 4 \ \ luj 



jllu.1 jLkl j 

4_L».LsLLa L^j*^ LljJ IjL^J. '-' "ill jjLaJ.1 JlLo . ^ j ■» 1 1 cj^jill j^j-o £_a <iJ J a 

■ (jnn mil (j 4j_i!La LgJ Jj^a^l 4 t-ia'< SjljJ jjLa_a Jl^ 4 < mjJLi (itjLuiLa) 
2 1^ <- <JliU J — J-c .JLoji'bLl iiiLi ^c. 3 -jj ualJI ^c. jjLaJ.1 Ssjji 2 [a <- 
4 < mjJL jjajSJI <Uf. . 4t t^l (j-a j^l (jim mil J^a^. Lljjiij 4->jf>ljJI I fl'VCj^. (j (j^aj^l 
^ (jisj^l (^OajJ 4ijjj<J.I 2 . mlj) ^IjAiioLi jS^'ll ^gj| all (_vaj*^l 

J 2_mSLlil (jLi lilJj £-aj .(ilmJI Jl j^-<iJI iixujj *_yllJlj (jji^AJI 
* '-^jll S_aILll Cul£ i j-ajjJI J-C. (F = Itlfl) (_yj^l dA>" (1x3^ 1'°'^ Lajjc 4j^ 

S^3 jLilc-l lii'wj .j^iiJI J^. (jisjSlI L$j jjjj ^jlll 2_ijjUJI S5S ^jji Liljj^lc.1 ^jlll 

(jim mil jjJj liSjJI (j-a 4_JLc <L^jjJj .jjiflJI jJ-C. (jun mil L^j JJJJ l_T^ 4-ujLaJI 

jaLIIj (j^j^l iiLuil (jSl i(_><ajS!l J-c.j J^. JjfLlI Sa^jJ S^SJI (jjiilj 

(jjiflj i_i l m" (jun mil (jLi l»lgj i(jiin mllj (_y£5j*i!l (j-VJ 2_sLuJ.Ll 4jjLS_a Ijja. S_/l-i-ua 
SjjjUJI ^JS J,\ Jaii (^>»J L04J 4 n m'lll 3U «Jlj ij-oUIj (j^sj^l (>o 5^ iLx 

S^2 {Ji (3-36) S_jUI (j^jjLS SJjLsus (j G ■ II ^Lil j^i.LJ.1 (JjjLlSJI ■ .« 

I J lie Jj i^a II Jj 1 (_jJ-ll CjUI mtlj J"^ 1 1 a '° (Jl 4 . ,„\ll . |j^ Sj^JLua 4jj jlaj) 
G v2ulllJ 3-^^ ' ' ' a J J-C J ^3 (jja Jjl ^jj5> NV\A a.Lc (j j" t*«aK L» . 'j--" 

4jj 10 II 4_a_LfiJl .4_aj_La_a ^Lfll mi o La (j 1 1 r\ i'\ (j^Xa^ala o ^/LxJj^ <jvj S^gfl II j^I]Lill (JxiLlHJLi 

7 .G = 6.67384 x 10" 11 m 3 kg" 1 s~ 2 = 6.67384 x lO" 11 N - m 2 /kg 2 ^ fA JI 

:4jjL»J.L ^ Ut" (j^aj^l U m Olc- lj^>- LlajS m US m \ o aia, I 4 K ■» II (j| i-l^j 

<7 = G-f (3-37) 

(jj^-LS i-ReJ Gj ^ (jjs (JS_1 4-ajU n a-LS (j-a JVfg ( _yaj^\ 4jj^ <_jl m~>. ^ i i-i" mj LjjLi 

.M e = 5.97 x 10 24 kg 

Cj-iLaU *jjS 1 n IjjJ^j o.jil (jl <(jLajJI (j-a (j_>S-i (jlijlsl^ ,_Li£ i(jjajj ^1 ml 

4jjjjj 4 m n-^ (jl_i Lgjl (j^aj'iLl 4 t-i mjlJ.1 iilj^JI (juiiJL) <G 

N > A 



Cj\ Mun 11 Kj^ lllJ I^yjljJI (jJ^-lj (j^-*^ 

Ijl i_sl ■» .^l 4lxo j\ 4 una, Lgj-o j-i^l (jisj'^Ll 4 <K II SjU.1 4_ua£ (jj^J (jl (J-alaJ.1 (j-o») 

4-oj^ <j,a .(((.pLo <jja il^-a LgJ£ 
SilXJI .jiaiU 4ls^ 4^.jJj l,fu~i. (jJJ^j djA-o^J <jl£ i j-oS!l 4fljS-> (j .G j\j .M c (jj^ 

!v2jI j-o °,° fill 4il5£ . Q< jyk <jis j^il 4j5j3-> II 

^jjIj jLu^ j (j^j^ll jjOj ^Ll^a j^i2 .(^lli^i _yi3 jIj-o) N i-X JliLa 

^K" is. j J jl^a ^jsij) R = 1.05^ e dJ^Z T <xli3 ja.j! (I) 

.(pl^gJI 4_ojLiLo i S'kI 

jLaSSl jijivlxuj (^111 i^ljlll jljj.1 .(jjaljlxi jljl R jiaUl , J^-jl 

.S_^\IiLua (_y£5j*i!l J-C 4 U 0 'i 1 1 (jiLflj Lojlj i 

2U<-j .GmMe/R 2 <yk '(j^j^l j-o b ' j-o^JI J- 2 - S -A^-' 

JU-jLj .GmM e /R 2 = mv 2 /R <jj£-ii jSlI j£ j-a ^ "^hj .v 2 /-R jaSJI 

ij! v = 2n\R/T 




(3-38) 



(3-38) iljLa-oll (j^s-i^l .—SjiaJI (>_i-*j *, I Laj — '■ Liili M e j G o * a -° alaj jiJ 

rSj^l J-t (3-38) UjLslII ijL£ .(3-37) iljUil f l^-„,L 




(3-39) 



J^J # = 9.81m/s 2 j £ e = 6.3781 X 10 6 m JU>jL 
r = (84.44 minutes) ^ j 1 . (3-40) 
(jl jaJ (>oljlo jlj^s Jl 3 wn'ilLj .SiiSj r = 91 (jl „w'< iR/R e = 1.05 <jl£ Ijl 

n q!"-^ a SJjjuJI fk^ajJI Jl 4_< milb (jisjSlI (jljjdJ (^JjjJI (j-°jJl) 9 <cLu T = 23.9 



J* R/R e = 6.60j (R/R e ) 312 = 16.97 J ^ Kts"""' 11 fJ^ 1 ? ^^4j 

.(jjjIJkl 



2& j^JS ^jLill ^H3fj 0>9^ JjLuix (V) 

Sj^ (> ^LaLa m 2 = 2.00kgj m x = 5.00kg L^lsM ^UU .N-raiLuXI 
S_j2 ^ajIjj J^.1 ~l LajJI .\o-X J*s A (j ^iAjj Lo£ LgJ (jjj "i! 

:jj=^! ■Sj'C ill ^ jic Po = 100 n 

v_JLS J£ (I) 










mi 




Jtt2 









.\~r ilLiil :\o-X JS-i 



4 1 1 j I J_c U j j Jj-ij j i_sj3 <A 4_L=>_*j J.c.1 jjl ^-jl m"in la ua-o .Y-V dJI ulXI 
4jJI Jj^aj ^Lfljjl — ^°l i ..,,-^1 .3 i i^ij^il (Jl 2 . ,„\ll . fQ it j^oj J_c.| Jl Sjij La uaJ I 



ol a wn-s. 11 l£^oLlij i^yjljJI (jjjjj (j^jLS 

d&bdi ti.Lui .aJ^JL su=j^ 30.0 kg 4iK ^ .r-r *uLuXi 

i>bJI j .JIpJI O.lOOj 0.200 La jJ^JIj ^! ^ (A^U tA^^ 1 
.j> ^Ul Jl 4j-mllL a 3-L_«j 50.0 kg <uk co^jj LkL, j> ^Ul ^jIj 

SjjJ^j- 1 £ J»^-" i_ Sj-ui £1 31a «U 4_o-i2 J2l L (I) 

Li *4.00m/s 2 j^U! J! 3^milb 0 <<^ll 3 Up. cul£ lj| (»_>) 

SaJ^JI Jl i^uUL 

«, '"-^ 'j '(_s-S-sl g la — J-c- j a" m i (M 4lfc£) iijljj! jijLS ((> a ml) Jjj . £-V AJLtiiXI 
J-naj .pLulo Jj^JI g la ml J£ .(_y£5j*i!l £-0 0 3->jlj Z) 'l-Uki -H>^ US II <^jj| 

Jj^JI (jxi J£ (3^5 tjUall (_5^LJI ^JjiaJI jic ialjjJI (j JxLg-o ttn 4lK <_JLS 

:ijlj JiuuSl i_JLSJI jJ>i' <(jj£-uJI ij i_JLS-llj 

^(jisjSlL i_JLSJI Laic ^plai^l (jt jj^JI jjlj L (I) 

ifil Jl^xu) ?jj_jJI Jiuu*i! JjJ^i->J <j-°.>^ <J"° cjJLSJI ^jj au ni 1 ^ (^-j) 

4_ij|j £j_uaj (jjilol JjL (_gj)" in n Jiuo*i! JjJ^j- 1 3^* a J ' I"*" '" " — ^ *^ "*U 

■ Jj^jj uaJI 1 ^a .11 ^ jjj ikxuUi m 3jU.a'< 3Jj£ i-i5lp, .^jiiSlI £_o 6 

J-C jL-a jj^JI Ja .i LLaJ I J_£ ^JjaaJIj jjjJI £{U Of 3jjlj>JI l- wi^ I (I) 

S^j^lU JlcSjII ^LJI r t JLuJsll viLJI 

■ (_$J)~ 'iillj Jjj.lLuaJI £>\j /J d!K"i ~J JaL*_a -^J- 1 4jI <j*^I i_vi^-sl (1— >) 

J^J^j- 1 Ljjc ot iijljij iLiLUI ^" 0 '< I \ \K I j 'jj^jJI cjj-ijjj (jl (ji-oj) cx i_i ni~>l 

Cx» .SiiSjJI (j Sjjj VV JjjL-aj ^Jl^^jj^iJ jljjJI (_y3jiJI jjJj .*\-T dJLui.1 

IjL ajjj mi \ 0 (jjj j^l Oaj Jx. i- n i^ j Ijl jJjjj ^J-"' LjjSJ <^>>" u' 

.jljjJI (j^sjUlj ilajJI 4-*Ja2 (^jjj ^j^jjLIuj^I dlK'i^l J^sLius i_j "i->l .j^jll (j-o 



j-o djjia cj-^lm cj^ljiU ijj^oJI <loj^l cUjjj J '-a -V-T ilLuXI 

gt"'<" nil .(2_>jf>lj cljljl,ia (_ya!_/LsL) (jim Mill J^a. L^jljljja jUa^l i_sl in'J CjI a 

iiLuiil £-?_>o £-a I ' ni^ f i_i miLiIj La cj^j^j (jim Mill S^flJ! 4 Q '5 a II 6Jj5> ^ya 

i— sl uajl '-' miLiIj iijjjJI 4laj*>!l v2jL*-ij-o ^1 > a m*^ I »l2 ^L^ _>L^ (jl ijAa 3 ' .La^J-u 

^ijjjjj 4 mm mi ^jJI SyLlI (3^1-2 ^ Lai in (jiiSlI Jl icaij-o vijljljll jLkSl 

(( ^fli| JiL* J.C jjr," mmj ijj Ji-^l Jl jA>" ^jaJjjlJ J^-° f"^ -A-V dJLtui.1 

Clljl '""* I fl — *■ (jxuaLkJI J .^»a II ,j .gjillj d -v I j 1 1 ^S^^a. .>ll<"^ I JaL*_aj 

£-0 Jlia J^ J (4^ Jj) c- u *"* ^ 'f 11 ^ 1 l:us> J: u "' i5LkJI 

Jill SjcLs (^1 Lij^j ijlll I j a 1 a j J d la > > K ."I .<j ^LUI (lx>^ ~ I "'I ' 

Jl J a mi^I isLaJj^l (^ys) <L=J^U 5c j^u SsUvjI '""^ 1 '2 .<l<"^ I n|j ipLuIoj tS^i 

jl) ■ aNl'^l Jji.jj ">) 4j| La jj-ol jS" ■» < j3 O.I U"jl (^jjj tjlj^M miLi (^^fli^l SsLaJj^l 

(jjjij <J <jl£ jl .L£K"~J ">! ^ i^-iSII pj^JI (^L^ Ijl La (^ju (li?- 1 ^ja t-i ^J'iLli.l 

< laj mimII .JJ^-ua _£C IjjSi .JLaJlj JjLU (_gj" Mill Jla /J ^jjaJI dK"~>*>ll J/sL»_a 
ijjlj ._R JsjJaS . Sjjlj (JJJ>S il^laj Jill SjcLS j^lj t4jUS'< 2-K <LaJj-U ^1 j-ilcl 

.(jjj^LlI (j gJill ^j^sJI dKl^^l JxiLsus jjS> /J (^1 (jisjlflj .jlj-altuL 'LaJjJ.I ic^ 

^ C^L^ Ijl <Gl ^ 

JLajil Lij^-ajj iV 2 /R ^> g {j\ (jisljlsl J^aljlll ^ ujij <S_£-Lu3 R vlijL^j S^aJjll 
4c j^u jl jix, (2jL^ I j| ^Ul i^Jjil L^ii jllaJj j _ s lJI iilajJ! SJLflJI pLij! 2jj jUJI jyfc 
(2jC gill <Vj ^JJii <la I (j -^j^a. ale icjudl jljiaj iVQ ^jjSi (jjj^SJI LgJ^i-J ilc djaJ^' 

CijjI .f/ = Voe~^ e ^\ (SjjjUJI JLajiLij iR jUall . (^c 3 15" Mm S jj mi) <ilJj 

i a 1 \ Sjjlj J _/\Jlla icjuj jljiaj dJ j " n La ^ < m% <iJLij5> (jjij Lailc <Gl .I3j5> 

[.dv /dt Sj^La^s j^jj v 2 /_R SjjiaS . iini j^, LjJ ^jIj 3U til ^Li iR Ls> jiaS 

(_g j"'Min (jjjilj J ^J-uiJI -V icj^u jljiju dj^JLj D "Ui^jC SJSLi ^ri-tu . <ur ajLuiXi 
iiLi. Jc 4-iJ^aC Vq icj^uj ^jJaLLua ^^^jjSi (_y3_>2 _/\_tuJI (^j-a cj^-S-> -SjjLaJ.1 4 < i <-i j*^! I 
./J ^JiSl (_y!3__%iJlj ^\_ujJI (^.^^l dK~ V^ll JaLlL-a .j^-tuJI Jc fjijj-i .^A-^H 



,-,1 * > ...^ 11 1£Lj-qL1jj :^yjljJ1 jj" j '*' jj^jUs 




.^^^i^l ^ ,n|| iiLa. (J! J-LCU (jU (j^a^^iU ^t-n rn" ■ Vq it j~joM <Lo-l2 J2l . I —--I 

.V = 6.00 m/sj D = 3.00 n = 0.200 di>L=J ^ 




i^yli^l J-£ 0 "KsL^ Jj-oJ JjLo (_gj"l mn Ja nil Jl (jJjll W <Gjj£ Jjj . \ ♦ -V dJLulil 

jja.j| .Jj^ll (^^jJji-II g-k — N J-C Jpjj-i i$ m d " C^jJI ujJLSJIj iLaLaj sLula 

.(5^ _>aJJ JjLS JjU.1 ^j" rut I) Jj^JI 2U<- 



dKl^l JaL»_a . \A-Y J*s m (j (3^*-° 4lK <_jJLiLi J-^j-a jJ_jJI 



M - (im' 



(3-41) 




M 



.ss-r ijLj.1 :\A-r 



J iLoi" iai^ j» Jl£ 3 iai^ 



JjaUI iu^ ^a^Ia^a (\) 

t_yaj irt^ II J-t ^"(j < j^jLjjiJIj .j^jjjjj (j-Gl^2 (^j-o 4 -."T< ni n <_£__>i.*i!l 4_ol_iJI ^jLJ.1 

Jjisilj 2 .". » 1 1 SjS II 2.1. ,^ 2 » . .Ull jx. j-o1aj "i! 2 ^U'.l djl m < 2aU"U vZjIjijjijJL 

:dj^."ll 4 \rK l^Q-w Ijj-a ^jSi i^l j\ \ 6JjS> JU. i_SjjJ<_o Jl^Lo 

^.Lklil iiKJI dj^lll 2j^ ^Li .^j^jLi. s_j3 La jiLkj (jisj^-*^; f-1 '^i 

:iljUiL 

p = mv. (4-1) 

^LojjjjLaJI d__>^vJ CjLlo^ J- 0 ^?" ij"" 3 ^- 1 CjL" ' "i-* II (j-a Lo ^LlaJ d__>ivJ 4_ui^ i_SjJijj 

:Sjjlil 

^ = £pi = I>^" (4-2) 



: f U^ Ji <d ((3-10) <Jjbu=) cJliJI J^l j USj5! 

Fext = Im^ = A = (4- 3 ) 

■ JtVtll J-C S jjjII Iia. jUJI 4jKH S5UI -Fext uaa, 

(^i^n i^LkiJI oLnj.n-^ jj^J S^SJI olil** £^a_i (4-3) ilaUil glVfw,^ 

.dJlill (^jj^ ^'jj' ^bj' *jia.laJI (jjlM 

UjJ iFext = 0 Ijl 

^- = 0 => P = constant (4-4) 
at 

■ <jjj^." II 4_i^ i-ifl~>. Ijj^s j^jlxuj l_S"^ 

<Gjj^ fl 1kg 4j o ma. . (ULo jJ aia-SlI 4-li Jj_uallj a 'I JjlaJj) \-£ JLiO 

3m/s JjS!l p "'7> II <t vZijl^ i^jLualll Jj3 .<jji1oI ^jiil gla-uj J-t ^Lajl 2kg 

Lnfl '< n ^jila iLsLo ^jLn II i <l" 1 1 .(JLoJoJI Jj^T-" 45° (_gl) J^OuJI JLo-tu aL-Jjl (j 
.3kg 4"l"< ^jJI p ma II j^j SsUvjIj jljjLa .Aa.jl .3kg 4"l"< p 

nJLoJuJI Jl j j a ^ lj ^ !■ I ^/i-m- 1 " ' jjl^-'-l ^LaJll j I" -> j 

^jl Lojj n di-> II |xl_laj 4_iL> j^l t— i ~i 1 1 IjjSi i_s3-*j .^r t-i mil J-C llj^ac Z jj^. 1 1 ( ^^->J 

ja.jj <j| Jaa.'i!) 3/ isUJj^l j\ x isUJI^I J iia-jLi. S^2 aajj "li (jjilol gti-Miill 

jjjj . ( jx J I i ^"i 1 1 CiSj sUjI _>a-*^!l Jx LntfQ-vl (jljJj- 1 lA-" '"-» II (j^) j^l tajJl (j 4 1 1 ~J j 
JjJ-i (_jjJI 4_>J^a_*JI S_jUI (3^J tfl ma. J£ Jx. Z ftl ^'Nll (j Sj mi < ijjjlaJI S_j3 
Ja.jj "i! <iilj J-C. C-Lllj iislaj^l (j L&jLiajj jljfltl (j 4_i_>jla_ll S^jS (_gjl m* g I- 
ja'i < (_$3JI <iJ j ^."11 4_l^ l^a~>. Ijj^s m laj ^ t mjj i^UijJI 4_ia.jLk. S^jS ijLua 

(X^) initial =(S^^) fi „al- (4 " 5) 
:^l j^Kj 3 fl? " n <Jjb^ (4-5) iJjbdl ^1 ii^N! 

(S^^^) initial = (X"w) flna r (4-6a) 



E m ^'4ttal = (I m ^^) final . (4-6b) 

(2>i^L tial = (1™^)^- (4-60 
:ljoio ( _ r L«j (4-5) 4JjL*ll jo?n7i (jl jjLi, Lki. 

(l W ^)nntlal=(S^) fl nal' (4 " 7) 

Jx. Kj^. in '(4-5) 4JjL*ll gtllj liai .i7i <x 4->"n jljUa Vj dn-* 

•f,>*-*-l! 

Ijl .0 = 0 J Jx ->!l *i ^ <.<^ ,-,„nl (4-6c) Iljbdl ,<JLJI Jlill j 
(4-6a) ^jbd! ^Li iV y j V x 4 r<<< V 4Jjfl-> U i^Lg-iJI 4x^1 4-,"m liJLo 

:,jt 0^ (4-6b)j 

2 (5)(.707) + 0 = 3V*, 

(4-8) 

2 (5) (.707) + 1 (3) = 3V y . 

a ,„-» II Jx^oj jljix, .V y = 3.36m/sj V x = 2.36m/s ^\ Ij^j 

55° &L^I j V <x^l 4^1* ^jijj .V = yjvT+vJ = 4.10m/s 3kg 4Si& 

.(tan- 1 ^/^ = 55°) j^&JI JL^i 

ma II (jjiij j-l1cI .(idJJLJ ^1 miV^II 4_ii Jjjj jOLuaj JjiaJj) Y- £ JLii-a 
Jjlj .GLa ^LLualli ^ Li (j I »tj-\" Aljlj^ll (j-Gc j^uJI (JJJlSlIi ij-uajl n JjjLudl JLU.I (j 

.JLuiJI 3^ 30° ssUJll j 4m/s ^ 2 kg 4"l"< ^jJI ^ ,„-> II 4x.^ ^jLualJI 

.lkg 4"l"< ^jJI ^ II 4x 

(4-6b)j (4-6a) CjObLdl V lljfl-s II 4x j^A\ 4 < n in" \ 

2 (5) (.707) + 0 = 2 (4) (.500) + IV*, 

(4-9) 

2 (5) (.707) + 1 (3) = 2 (4) (.866) + IV3, 

.V y = 3.14m/sj V x = 3.07m/s ^jSj 

\YV 




3 kg 




^jll ^i- a i^jJI ^^^ujj 2 II II gjLa-maJI j ■ — j 1 1 Ladle. 4j| t&a.'j 

LoOitj 2 .".I j '.II 2_t ^uJI Ijji'in .i.k > ^jjJI ^a> .'lj-"ll 4_uj£ laAa Ij-i/a jLi i(LoLoj 

^Li i JLJI Jliil j La£ <iijLg-iJ! 2t j^JI ^37*" pit Ijl .SjjLgAJ! 2t ^^Jl 

X — y (_gj *i Mill (3 La (^a-xj £j j ■ ^ -j; ■ 'lj - ' ^ 4 ) la fl a Ijxoj Jda > ^^^1 

i(x £_a !(}■»'' i^J (jflll ijjIjJIj '*^»J>I ti>l= («LaJLtl Lli^J-o <*£La) ^JJjij 

4_ua^ laAa . 4_>fi Lg_il I it j^ul\ (j* I «j I 2 . j I U a jljtl 4_*_ijl ^Li 4 i If. f-Li-ij 

(4-6a) ^LxljLsLil Laji) la^^ (3.'°^"' o^J^i V «4j^"'M * <^j^*'H 

^1 Ijl 2_£L$-iJI 2JUJI jjiHui dJj J-tj jLu&I ssjiSi 2U„iI -5 j ((4-6b)j 

2 >Sl j'.ll O^UJI 2_iJJjlj ((^jpjSLjjJI (>It j^uJI L&Ljil <*ila) jlat^l SsjiSi ^ ^JJt 
JaLflj '''<* Citb ' ^1 ij^-o-> L _>u-o'iLil I j ) JL^-uil LqgJ ^ a ma II Jjl d S ■ fl a jJsLij <d *X a 1 1 
(JjLi.a i 'I i^JI (j- 0 (J-* -0 ) 2 «Nl .^11 gLflJUa a CjL^jJ^q ta-tu jj_t fitflJUa a 

100 m/s 2t j^uj 4x.UjjI 2U- I 'u^jSlI ^ LLjj jikl ULjjLua ^Sll j-Gjij 

(_gjji.l it j^jj v^jL^ 5 ^>Iil_ua jla fl j*j I Jjlj 4 0^ 1 1 2 .jl a I .1 U. ,T. j^j'^Lj (Jl j-- fljl 

.^yiL&l isUJl^l (j 75 m/s ^^^.l 2_- & 2t .Ji^l J| 4^°^ 50m/s LLkAJI 

.S j^Lms jla flj'jl Jjlj SjJLjJI 2 . 1a. .'r.ll d^" a 

\ YA 



(ISa a^o) jI jh'i ml 

JaS ^^ojLuaJI 4^jjr>. 4 * Sljl m o-i Ij^^-S 4J1 mil 6JA (j^la-j t-Ji^-tu 1 'MUM a la * a 
IjjSi .S j-OuL-o jl a ftj^ll J-*-> v±j"^LjJI I -I ta oJI 3^_>ja. v2jLi-o£ Jj^aLa. 5 j-OuL-o jl a ftj^ll 
i4_ia*jLi. (£3^ (j-o J La ) *-! a I lajJI ^yl 4 miqLIII ^j-^* ) AjJ^ "' ' \*\ lj t ^ja pl^a-*-!l 
_/\jLj JLojSiI jj^-j ' ° I »l U .^.11 Ljajl jjJjj ^jjLuaJI _A3^ ^jjjLaJI S^jii 

<t 2 J| ti 6- <>3JI J| *^L, (4-3) 2Jjbdl i^Ja Jilii liyj lj| Si^jUJI 

J-^aaJ ^LjULil t2j ti 

J t Pextrft = J t ~^dt = P (t 2 ) - P (h) . (4-10) 

.S ^Lxi jUJlj^I jjij jJI t 2 j <S j^i.Lxi jl ~> flj^ll JjS ^jJI <jj^-jJ ti L^J 
llujlj Sa^.j kj lja .LklLI iiKJI 3I"<II M oj^ iP ex t = -Mgk IlLj.1 £>la> j 
.-Mgk(t 2 - ti) ^ (4-10) iljbuJJ v^^-" S.'"" 1 .' -J-^ Jl 

iji 10II ^ySiLiLo (jjaj (j fl^^' J| ^JjL^' jjLkjj LaOic- « LjJ lis )) jLa-flj^l 

J <(4-10) iljbuJJ jjJti\ ^LJI iJLJI 6 j .t 2 - h - 0 

U.a-> ^Li illflil S^j-vlll 3jU mil ic j^A jlj^s S-i^.j ^LaJLs^ i lis^s- lj| -j-^ a'<n 

Af(lOOk) = y (-50k) + y (75i) + yV, (4-11) 
.V = 350 k - 75 i ^ la^j iSDlDI 4jU,7,ll ^Fd 



^1 ikfljJI J| 3 wn'llL) LUa-aJI L&Alc Ulfl* ^1 JaLEiJI Jjisl^ tjij! 



.(jjSII J.^all (> 3j<j"Lal^ gjLli Jl 4iLi)!L d _>^lJI ka^ J_t 
^Sllj 30kg <Gl£ UajJ l( 3^flJ= -(t^ 1 ^ 1 ^ 2^ ^0 £ - £ J 11 * 

lj .(LoLoj (julnl J-ilaJI (jl (j^s^^ij) S La^Xa t& - ' J^. (jliiLi 45 kg 4jjj£ 

J i ~> ■ °j U . Log 'i a .'I ... ^ .j 4 30 111 isLtubO I n/j I ,^o~j LaLoj (jvj^Laj Ljl^ 4_ilj-JI 

>■ ..■ (jjl .LajLuaj (jl Jl JxaJI Aui (j ^jMnUII Ijj .30m iJ^kj <J jjj ^ 

" * * \ 

Jjj^aLflj Jx. J-n" ■» < ^ jijLuajJI 4 t-ia'< jS^-o (jl J^JI <5jjJa g-^JJ (jl '-'"» ') irml 

S^aJS *S^aJ *-i ^jl .JjjaJI Jl 4_sLl(^!Lj ^yLlflJa (j-o (j^a^JLj 4_jLi LlcjU^j ^jjd 

:Lj_ijJ (jji-i <^Liiill Sjj^o 4_i^.jLk. 
m\V\ + WI2V2 = constant, (4-12) 
ijl^iJI j V2j V\ (jl Lajj -Cg lat-,11 oLc-j^j Jj£ m.i,m.2,V\,V2 

(miri + m.2^2) = 0, (4-13) 



LtAOa-a (jl^ lj| .41jIj Jj^I ikij Jl 3 winlL (^dilaJI Ihajj LajS> T2j Tl Cj. 

:(jLi j& Lafra J iai j-ua^j ^2(0)^ ri(0) LaA (jLjIjij^l iftlikJl 

(mi + ra 2 ) -R = m\f\ (0) + m 2 r 2 (0) . (4-14) 

jiJij Ja Ull £_ua^a ale (Jjzaill 4lia'i jA-Lj (jl (Ljj^i (JjhJ (j^-lj) i_i niLlil ^ya 

■■o^j <n(0) = o (j^ \ 

= m2 ■ r 2 (0) (4-15) 
mi + wi2 

j^jLolJI (jLi <D ^jji djiikJI SluaLill SjjIjIj^I SiLJ.1 vlul^ lj| <UI (yJLj Lua 

(m2/mi + m.2)-D isLux, jjljj 3Ua\ aic (I^jjIjIj^I ^ < .^^J.1 U-^ II J^. ^.ki 

18m A>4 f.jLualll (JUJI Jlail j A j^Sj JaUII ^lali^l j-^^jil (> 



anai ^ (y) 

:4_ljL*_LL Rem 
R cm = ^p^. (4-16) 

.iiKll It&JI J! 4ll£ S unn ^jjj p wn -^ J£j *6J jiil oLoj ...-;> II 

SJjLslII (jU .3I"<II j£ _>1 Ljjj jKJI oLuUa.)!l X cm , y cm , Z cm cul^ lj^ 

:^NliJI cdjl**lJ (4-16) 

X cm =^ n ^, (4-17a) 
y™ = ^, (4-17b) 

^cm — ^ 



(4 -17c) 



iM = 6x> iM_R cm = X^i^i S Ji?J ^JI Jx. (4-16) iljUil 4jL£ Loci Ijl 

:J_C Jj^iaJ 1(3-0 jJI J,\ 4 < milL ^jjLaJI "bl£J JjisLfllll SjiaC- Ljjj^.lj 

MV cm = X™ i Vi, (4-18) 

MAqh = ^midu where 

2 - (4-19) 

r _ rfV^cm _ d Rem 

Acm ~ ~dT ~ ~dt^- 



:3JIUI |j» i^il 4? /.Ml Jx (J^aaJ, (3-10) iljUil Jl 4 ?J V,1I 



F ext = MA cm (4-20) 



M ,±m~>) M 4"l"< fJ-uia> S£ ^ J^LoJ La p.Uii jS^a S_>^ jl Jx (j^XS ^1 

S jSjil 3jKH ii^ jUJI 5^1)1 ^ F ext P ex t S^SJ u^S*^ (fl^'H 3jKII 

II j£ j^j <jLi <JiUI ^ j^S pI^I J 4-"-^ cuiJl Ijl 'Ij^Jj i(^l tv.ll J-t 

J£_<ii (j (f-I^JI dK"~J Li* JxLgj) <4j-aJLi t -Aj- tu CS^J^ (CM Jl a.Lc <^JJ j^ala^) 

.v^jLj = V cm j A cm = 0 oj ' I j ° 1 a cSjLu" £ — £ (JL!Lo (j 4_i^.jLaJI S^aiHI 
.<Ll>Q 4_<ii3 J? cm j <Laf>lj Vc m = 0 (jl gij-i <jLs <V cm = 0 <Llj-iJI (j <Gl Luj 
j^j-o jjc a.jLuaill (jl y^jj <lijl <d^aJLi i££J| j^j-o (jLs <dJj J-c-j 

■ (j-t-ifjU" \i\ (jOLxi^J.1 
,j LL&LxLa (jxuJ (_jl) a -. 1 1 Jj,Aa_a J^-tuLa. a ni-^. 4^_>a_> La Jj^al \ 
iJjj m (J-fc) (JjLajJI CjI^I LlC I (j-a I a '-^Ij ^ II ^^>»a £_L<a^a»a (j^^aaj La LjJLcj (j« i^JI 
(_j_>a.l o"i!La. (j (j£J ta '"jll 2 US'.II ^Jjj a tajj a i ■ ■ .^a 2 1"< iJLHI 

Cj*-!jLjlLI (3 ^ aa II CjLiLa£ I * a iaI fl a ^^^^-^ tLia-J^a-aj .Lij^^\-a ujLtuaJI (jAjlj (j^aaj 

j_Li^a utmai Lxj <JLia£ .J^KlJI oL^ ikxul^ (4-17c)j (4-17b)j (4-17a) 

X (jjj^aJ.1 ja.b U - ■■■■"II 4-aJaila L$liL£ SlxoLa. S j£ . a.^'l CM 2|-.<ll j£ j^, 
JjLaill CjIjLlIc.1 (jjs .<^_aJI iiUj J-^*^l <I=iSjj t^r La-oiil <^>ll (j 

iZ cm cjLu^J .X cm = y cm = 0 (j| (<g\ '.Z j^a^J.1 Jx. j-Sj 4_£5DI J^jjs (jl aJaj-auJ I 
5Jal ouj dLlj JaC (j^-aJJ ^NLaK3 J| (4~17c) iljLjlil (j ^>aiJ.I (jl LUk. 

^Lij" mi n 4 U nil^aj 4iLSj jjlj^Ii (Jl a aia II a m a '< (Jj*i!l <5jjJaJI (j i(jiJlfl_ijJa (_5Jji.Li 
Lijia^ < Sjjlj (j Sj^-ll i ji^'i jJaiLi Cj-jIaJI Z (_gj" m n .Z jj^. 1 1 3_iJ^a£ 

(^JU SljIaJ.1 i-vjj^iJI j^a^a. (jl JaJ Ij^J iSjiJI i jial . kir^\ d iVtl 2 — Z 2 

ssia, iKj iTr(a 2 - z 2 )dz y» z + dz jl Jx. (gj* mtlj z ^Uj jl Jx. ^aj.nU 



J.' j^*.' ( ~ 7 a II 5j^.j IK) 2I-<II p l .pn(a 2 - z 2 )dz ^ la^iJ! 

:J «cALl£i J! (4-1 7c) iljUil j ^^-11 

Zcm = f a, , 2 2V = a a - (4-21) 

pnj Q dz (a 1 - z l ) o 

Lij I ,_\ V^l I ^ la ml * 4_fl|jjua a a j-^zllc ^jl a -"^ II a rnO*» <jl ^ ) laj "■*' tdJj ^j-o ^J-i 

.dV = r 2 sin0 dr d6 d<fi jjs> j-^'-»H ~^ a? a I I <^jjS oL^I^I j i^ikJI 

iZ = r cos 0 -I mL 

_ P J o<M o /2 ^^J l n dcl>r 3 cos 0 sin 0 _ 3 

Zcm ~ f a, f 7T/2 2tt , 7 2 ■ a ~ R a 

p] 0 dr] 0 d0\ Q d<pr z sm6 ° 

iZcm < 6i-/2 ^^^j (jl ^Ja^jj^ f B * n 4-iL^.^ll (jl Ja^a.*^ .JjjLuiJI i 'I ua II £-0 1 

.Z = / 2 (^$J '"I I CxaJS J^*.^-a 4 1"^ 1 1 i q.^'« ^^-o ,>^l L>\ '""^ 




^j^J q ^1 ni~w^j 4_L^JI j^j-a £_ua^-° i ' /jl ( I oj ^ ^ Ijl tdlj^ Q ) d taa a I o 

2 1"< II j^j-a ,^Ls ij-i^a! jl °l"-^ ^ j-iiaj^ '"La-H SjSJI i d>=vj lj| 

4_L^JI ' fl «j 3LJ ta^l Sj^_uajj a II 4_ij Li^_LflJ I d U o 'J 1 ( jj±iU ^J^*^ ) I j •" ) 



^jLLU A-l ilLoii s>L^j^j ^L&jJ! llsj^.) licuis (^j-Ljij ((4-16) Ibbdl) 

^ ioa II SjjLjjiJI 4 U 0 'i 1 1 (jjiij (jj^-i (jl (3 ' £_s-" ) l J ?- C '"f 4Jj^ 3-\>° <j' ((*"'(! ^ 

Sj^ JiLa <^l miV^II jA< i Jl 4 i < m \ I L j .4_&L-Jjlj ^ m^, II £_ua^a Lciic ^La. 

j^^O J < ~> " \ £j\ £_>ll ^ < Ml < <<ilJj .4 1"*^ II I (j » ' ja-$-> *i! iit_>iLa 

.LgJ (jjj *i! (jl ' ts^l Jj-ijia (jt f> oia IL 'Si i <l" n 4 1"^ 1 1 
Lr\(j < <i mj (j-usLtaj) ij-iig- ^.n n Jl La j»Liaj (j CjLo i mi^» II \\n m2 Liil (_y£5 _/Lsl 

^jlj <M2J Ml LojSi (>_i£_>iLll t>-al lV<ll t>"<KII (>" I'K II ^1 (jisJLsl .Yj N 
(^1 i(4-16) iljL*-U <3Jj5L1I j£j-a (j-a glii jjOic .-R2J ^1 -1^ (j'"*-^ Lafljjjj^ 

M 2 J Rl Si* Ml .^"jUflUI ^"l"<ll ifc£ "iM La J££ ^Lklll IK j£ ^a 

Lo^ia i_i£jll ^Uaill IK j^j-a j^Ls <L)La ^LxjjiiS ^"11 Ijl iiiilj J-C fLijj ii?2 •A^- 
■ t> < 1 it-iS II i iitlVin t-i S '< jjc (jLsLflj ij-Cilll (^Liiailll l"*s II <JK j^j-a LaLaj (jjij 
jljjj ^U&j ^ sjja. J^. Jj LaOic lig-a iiia£. SjjLi vljlj (4-20) IljLxll 
I fljlf. ijjLjji 3 Wi\ ^Li hIjjLj j^aa~a Jj^. JJJJ Islj-aJI vlijL^ Ijl .Islj^sJI Jla 
j^j-a i^J-a-JJ jjJj^ O^ 3 ^' J- 2 - Jt^J ^ 3ili=JI j^j-a ^1 (_><ajlsl .Sjjlj (j dj^aJIj 

jlaix, v iua, : j^_>il ^j^j 4->""j v 2 /_R Lijljix! 3Ur, <J ^jiij >SjjIj j 3I"<II 
Sjjj n jjOj Silja II cjjL^ 131^ .j^ jll (jc 2I*.<II j£ ^ _Rj 2h< II ic ^ 
^L^ Ijl .v 2 /R = 4n 2 n 2 Rj v = 2nRn ^Li .(jjjUl n jjlki) i^Lli) j 
4n 2 n 2 RM Ls,jlji^ ii^jLi S^2 J Jx. (j^H (4-20) iljUil ^Li <M isljaJl 

iJi.ljJI Jl LjjJaS 'La-JJJ Jj-aaJllI j^=-a Lg-liiJ S^flJI isjji .4il„W II J-C L^fljjJaj g^i \ 
J- ^"11 jj^ ^ J^. iilj-JI jj^ I I Jl 2 1"< II j^jja tX-^ HI SsUvj^I JjU, 

ti ijjjjj LgJJUaJ ^ol ) Q a J 1 1 P-l^^-l 3^-^ ' ^"Ml SjLua»aj jljJ_LI (3 4-i^al m a S^H-i 
*\ • • • jjSIj 145 kg isllaJI Ciil^ Ijl ijllli Jjj mi J-C .LLa (jJjJ^I -* jt 

A/N) oljLajia V,NVo itUI J^^a ^L^ Ijlj <(n = 100) iijSj J$ Sjjj 
jl -(jjjju N AY ♦ ♦ ♦ 

lisllaJL 2.U5-. J^a^ _R = 0 ujiS ^^iJ .LUa Y • ^ jS^I jl <JJaj 1 • A« ♦ 

.jjail Jx. itUI j^j^, jjisj J| LfrXjJzjaj iikfljJI itUI jlaia jLjIi.1 ^jjj duaJ 

.iiloaJJ 3j<j"I"m^I iijljil p!^! 



^, j ^ It I Jj-qjJIj AB j^-q (3-° (^"^ J^") ^Ll&iJI 'JLlil J-^-"* J-^ 

t(jUa a.j I J 0 j^jaJ»i ,J_C B^a A J-lc ;J * ^ a J 1 1 J^-a£. ^J^J 4_lajaJ 4-jLs 

■ aU * iQNj JaajJI (((Jjja)) ^j*u£Li 4jLi i^LaJl^!! (j ^Ojl loxoj jlj-E-U <j (jO oU o 

.4Ja_to^Hl! Ciljj-S-a ^ ^ (3**^ *J (jiLflLlj i_S^_to 
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5j.aU (^-o^l lauoj^lXI (V) 

4_iLaJLtoi (j-aj <J ^^a^-j u_9^a-tu jijjaJ! ,J_C CjIjj^^J^ L^-ljJJ ^iJI S^flJi ( jjjLl5J ^LaJjiJLtuJ 




:3JjL«IL f(t) illjJJ (^jJI Jc^ujlil jjti .£ (^ojJI J Lo 5Jb fit) jl ^Jlil 



avg 



t 2 ~ ti J 



f(t)dt. 



(4-23) 



<_)i.Wt ( _ J jJ! v^lLaJI a t^t n (j Javg <t2j t\ J-C- Jn'm IjijSi Jo-uijlU i_SjjJij 

1^ ii ir\ 4_iixi_^J 1 S_/LflJ! la -•j" a J,^-!^ (j^J^-" *^l J= <t2J tl (J-C- ' QJ *i! fl I QJ I 

pLcj jlj^a. J^. 2 lj \ . 1 1 5j5 II (^L" a '"j ij^- SjLic V-£ m iJLHI J u — J-c .iiLiil 

CjI Q i (J-O-taJ la LUjJ 1 1 J -~*l 6 Cj-iI^ 131 . J^Jl £-0 a j I i i * CjLj_i^^. 4_1a_ujI^j 

(jIslj Javg <— (jl ■ U infill S_/La J^-la ( J-c J-n" <" *i! Javg (jLa tSj 

^jl_/Lll j^jLuJI a-tujJI laA — j i^Ltuil (_5jLtuj jjis'i!! laa II CxaJj 3ji.Luiil jl I 'i n i r\ 

.(jjijJI JjLLo SjS II J ■» a II 

i-Ji^jju ^j-o^JI F U uj^j ^ (jLi tjj-o^JI *LaJLo f^j£. SjLi£ F{t) <jl^ bl 



avg 



t 2 - tl . 



F(t)dt. 



(4-24) 



J| 4 i mi 1L JliLij '-Fx(t) <JI^J (jr 10 -^' .k-uijlll jyk -Favg J X 4j$j1I ^Li Ij^Ag 

.zj y CjyjZjM 



CI I CI I CI I CI I CI I CI I CI I CI I 

> i 

. jLtu_J1 '*"• jl ia II ' 3 Q I I pi 51LJJ £_1 j^n J-jLjJ : 1 - 1 J*S mi 



C ft " J 

(4-3) 

f r - f T dP 

Fextdt = — = - P Mtial , (4-25) 

Jo J 0 at 

jic d_>^lJI <U/s£ ^ -Pinitialj 'T o^j ^ d^^JlJI <Ux£ ^ Pfinal 

.0 

jax^ Cul£ 3jLuJI ij -Pfinal = 0 ^Li .JajUJI (j .nil Jl oLSikJI cAloj lj| 
*LsJLo 1 i-Vi ^ ilikJI 4£ j^u) V 4£.j>m jljlxu jl ..nil Jl d j-" ollikJI 

.-■InlUII Jjc n SnT ^jj5> JLJI LLaLkj (j .-.InlUII JJ£ .(^otll ^ ,7n S^a.j 

^initial = -nTmvi ^1 j^i <uk fLbj ! 
L^Jjjj ^jlll ^ LloLkj Sjjjil Sja^JI 3jja.jUJI S^SJI .iSikJI ^ m 
2U...J-.II s^jiJI ^ 6ia> -Favg = nmvi ^1 j^aJ (4-24) iljbiil ~l -I; .JqjL=JI 

Jx. ■*■! 5-LtaJI LgJjjj ^jlll 2 U ,„j"l I S^flJIj i . L y^Lj^j]\ &\ fllla J^. jlda II LgJjjJ ^jlll 
J (^j< mil Jl J^ai £,1 ^ ^JJ <(_^aUajJI .-.InlU Ciil^ Ijl .-TVYYlVi j'^JI 



j 4lA3lj La lj| <'!'«-, (s-ajjijj jt djLia^al j jjJj jSj '^.'^ ^jojo 6UjI JLiil 

.La Ji^. 

J£ (2jL^ I a >*"*■ .^Ijj-a J^. 4jiaj icLtu ■ .(4-iiaj icLtu (j Jjsj) 0-£ JULe 

i) ?ijiajJI 

JjiUJij Liil ^1) c£ isLuil (_>uij U^" J^jJI cj! ih->. J£ ^jIj <4_iia__>J! icLuJI J'iLi. 
fiUuJI J-t ,(4-20) ibL*l! .iabJI ii^kU! Lai <GjUI J!>J! lia, 

.4-iiajJ! icLuJI (j lixW \ U. j < 1 1-1 a" ° \ j\ ,(_Lq_>JI_3 4-iia_>J! 4x.Ludl ^jill 

(jLi lAtiaj ^ "■ a i j U 1 1 l"i K 
.ilia jJI icLuJI ^La jjc Z = 0 ji-Lij iJ-C-l Lixulj L^aJLa Z jj^ 1 1 jJ».Li LicJ 

:iljL*iL j1=4 ( J- 0 ^' + i^LmJ!) ^LklJ! ifc£ j£ j! 

MZ cm =X^iZi, (4-26) 

J_£ J-aaJI J-^>L^ JjJa^ l>-^' l> ^-l^aJ ^1 (j ,(J talU iiKJ! 4 M ,±m~> 

•LiiaJ! is^l j JaJ! <> f L^I (N) 
.J_LmJI isjjiJ! j J^jJ! {y> ^.Lg-uii (Y) 

.dJa^jjSi pLij! J-a_>JI j^a a I g m| (V) 
.L^jlj iiiajJI icLuJI ^ya jiLgjjj| (£) 

.t LIaJI SijjJI j Ja^JI iK ^ m(t) oj^ '.m(t)d ^jLuj (\) 

JaJ! <> J^LgJ! jLiU! ^ (>3J! j cuLi (V) .^LSJ! z = 0 ^ (V) 

(3j^-i <iilj Jx. pLij .^jjJzj Jii (j-aj-ll (j v^uIj (l) (j n\i\ ^jjSi jAij 



ik^-NLaj ^jJI J! 4j-mllL jJ=J! JxiUij ,MZ cm = m(t)d + constant UjJ 
i> p Md 2 Z cm /dt 2 = Oj MdZ cm /dt = -pd Jx J^^aJ dm/dt = -p <j! 
Jx. SjjJJ.1 ii^jUJI S^UI jLua (j! (4-20) iljUil j> g31> .iulj <jj£; <j! <ji>JUil 
Sj3 -Mgk ciji '.-Mgk + Fk ^ <L». jUJI S^UI <j£J .l^i-ua ^jLuj ^.UajJI 
if = Mg = W (j! j^i Ij^jj iolj^l ^1 S^SJI ^ Fkj SjUIVill iujUJI 

dlla> ij^SlI 3SjS~> J) LUjLs> JxijJI ^l^l pIj-uj I g mi'i ^ ^j^j 0'J>^' S^bAj 

obf*-' 6^ <j-° 6^ ^ cA} c>"LiJI <j^-v 

l _^cs__jJ! _/\jLj -_>^-l dJLl^S <<iilj .3j_^a_i US 111 \ (_JjJI (J-O.JI UJ&t J * '"" 

JaUJIj ^jJI <3£ ^=JI i££ j£ _>1 JjL<J! JjI^jJI -F jjjj ^jJlj <£LLl! Jx. .kSLJI 

Jaj 4.1^ US mm ^jiJ ^.j^LlI <j-°>" t 6^ '^1 -Jj'^S'lL ljjs> ^(jS'< (^1 (j^-oj 
(jiiLii_^JI ^Ll mi~>. -Pgt (jj^-i _>^-ll JajS Mill (j d-°dl (jjj oi^ isLujbo 
jjJj iiiLisI S5S <Gc Liilj JajL^JI J-ajJI jyXl (^1 Uj^Lj JjLuJI JLill <j 

Ssl_>3 (j cs^-S o^ 0 '' dLjj* 44 0 1 0 ^> II (j) .^Sjio ^jji La^ 'tjj^l ij (j^SjJI 

CillaJI Jo^AA fLjjl SjLjj i^LSJL J-ojJI <a^. jaJajjj ^1 JjS (jjjLSlI 

(.6^1 

>^J=>LSj j \ c. ^jj U S ^ oij Sj-\_i5l 4jj=^Li °j" . (4 'i ~wLiu ij ^LL^. Jij) "V— i JLiLa 

CJjL^- 1—tJ^XJ UJ ^-^^ t4_lj_il^JI LL-jLk. ^fiLfl ^jLttJI (jl Si Mill JJ^-I U^M^ 

J^^l ^nS" miIj 4j ' -K II IjjLc ^fli idjajjc 1 4 ■» Ua LoJjklxuLO ^jjUSl I 

■\ ^ cljU=.)!l Jl 4^uUL J^U ^1 jaJ), :U^Lu= jiLJI oUts ^Ul 

1 • • • • Ji.UL .ixjli Jkj i • • • • Sj^kiil olj ja7>" -J^j 

«.el^g-ll (j ^LlsJI ^Lu^i LS 2-i\ (^1 Ij^J ;^Ll=JI £ys 4j^. Ijj^ Ji=>j 

S4UA,II s>la> ^1 .11 Jjs> 

-Favg (j^ Ijl ioL»j"l-> U ^111% jjl iiLxi^lL 4jj=^LiJI ^j^-a Lj_ollij (2jI (j^5_^iLi 

it = r ji t = 0 ,jj sjiiii ji_ji= ^Lkiii jx. Sjjjii s_aiii ^yj-ojJi Jo-ujjiii 



aic r Uiill d^UI 3^ P(0)j P(T) iP a vg = [P(T) -P(0)]/T <jLi 
dLlai (jl (4_jii_slill U i in <" I (jilj i<iuL^ lljj^i c^"- 1 ^) I *' .a^I lj| .(j-UjajJ! (j-ij-* 
P(0)j P(T) ^jlJUa (jU ^L^l 6^ L^-°i cr^' ^.j^JI jloii Jxl la^. 

3^a.jdJ i^Ja T 4_ijjsj S_/\-flJ U Mijllll jA.1 LlljLa. 13! i4_ilc sLj-ij .(j-»JAa a (jLijij 
S^flll AT jloail Jsjjjjjjs t(_y3j i^-i-^ II (J-c-j -Pavg = 0 J-c Ji^V< LiiLi liiil^ 

iijjUJI Sj2 iW tsjLuj (ji i-i-^j oljU=)!l J-c- J^j-^JI ^Ij <J-«& 

I j* I ijja a J£j 3\^l ,7,11 J_£ Sjj^II SjiSQllI 
J flj J 1 1 a J J-C ^ i j i a Ci I J JI I j 1 ' (^jjJI 4 a II <J^jI mJI JLU.I (j La£ 

cjjj a' <3 y.' '"11 3ij-»-o (j j^.1 lj| <dJj j-oj .^LkjJI (j «3j1lIjJIii (^yill 

(jl (j 3_>L^!I (jLi .CiljUa^ll Jx. JxlsJI i ftjji - oJ fl^-ll (j Jj^jil o.Laj=JI 

(jl 3\^l ,7,11 3_i_uajl Jx. c-l^g-ll 4.1 j_u (£.111 La » uaJl (jja J-ijj a I II 3 ^ ". ^ I 3i_>ij 

4jjI_»^JI K <al.Li.llL 35 It'll (£>£JI J£ (jj^J lU3 ' 33 U a 3ja, I (jl (jis JLij LihlaJ) 
JaJI d'd-tul (j^a gl < in \ 4 2 1 * a *j j U n 11 v^jjL^ lj| .LLaLLkj (j 4 1 1-^.1 j (^^S ^jfc 

.JjjjiaJI (jja SjjL=>_a pl._>3tl J°"'" 3jj|^JI 4 \\ i aLujJl (_£_9lLll jA< i (jLi < US <i 

j-lflJ 3jJLc SjjUSU (^IjJ^- £xi\£ lj| i3JUJI Ssjj5> (j i4j| La ii^lj (jj^-J (jl y>J 

. ^ Vi ,l2 JjjLauJI 4_ija_ij|_/Ltol ,*j Ls 

J^a-jj ~i it> ) ^jja-jLiJI fLAflJI (j LLjjLua j-lIcI -jlj uaJI a Lc ) V- £ JLx« 

(_5jLuj ssj^j Jl SiLis^L 4lKj iL^Lu ^jjLuaJI ^j'- 1 ^" (3 -(^?^^?- 

J| 3 t mllL li v2uLj ic j^u jbSn-i Sjji.Jil SsLajl (j jiali ' J^jJI j'-^-' -^0 
4 ^ I j " ; ^J~C ^j"l^ ) iJ^^-^J ^_SJ_cu 4 a Lui*a Slj-al 3JLa. LaLcu cllj ^LaLij ^^jl ,^11 

.3^Jji! J^. jljjj^l (^Li iSjjiJil SsUJjI (j jjjll jilaJ (jl Laj i,jjjial Jjla- 3^ 
0 S jj 1 1 J^aSdlj ^jjLuaJI 4jj$ I a >*"* (jj's" (_jJ.ll 4jajaJJI (j ^jjLuaJI ic j^jj ^ySi La 
(_;jJI jljLa.^1 Jjjijs ^1 in < (jisjji (_;l Jx. ■»" ^ iS'^LxJI SsjjSi) ?M J 3-ijl im 

(jjij jlj^^l g^alj^ (jLi jLjIc^I (j 3_ijjUJI vijii.1 Ijl .LlLj Sjj^vAILj (jjij 

(j\ (j <jlo J^. J^a.^jJ.1 J^jSJI Jl^ 3iLua^!Lj ^jjLuaJI jjSi Ij-aUaj j-LL»jJ 

ivi ^ 3^^111 alii j ^jjLuaJI Sx^j ,M ^.a a.LLklJI 311^ (jllJ .3Vnn 3krJ 

^■IjIjj Sjj^.^ <jaJLo I 

\ I • 




(jAa •■■ pi ■•^ Q la ' ^jjLl^ ;0 — £ mi 



dllfc ilii^JI j S^jjLuaJI (^Ixs Jljj Ixollij CiLaJ-ma. (jAjlj .(v + dv)i 

J/^lj J| 4 \ mjjb (V — U)l ic j-uu ^jjLuaJI vZjijS AS J^Sdl ^ — dM 3 1*< 

■ 'II" I JLsLi^l Jjjjj jlJLa.'i!! 2 U . jljLa.'i!! <l£j£. J^. iljj-ill S_aiLll 

4_i^.jLi. (JjijJ <iiilj (J-C fLi-iJ iLLoliij (_§ 4 1 1 -^1 j LgAxaa, j^jSi ^^ali-ll 

bl^J ^3 . "^LsJ_3 S^k.LLa 4_Lk^J J '> c. 4_dfLll ^ " II 4 ifl's ^jLcuIs 

Mvi = (M + dM) (v + dv) i - dM (v - u) i. (4-27) 

(^ik^JJI jl Loj 

j! dM £-a a^uUlil jja-JL iijLLa 4JLcusil dM dv iiiliJI ip^l ^ j_LmJI 
iljUil ^ ^liJI ^=JI j j-»-uaJI IiaIhII oljo<ll JjLilL lilcusil <iLil~JI j) .dv 

Jl (f — ll)i vIjLcj^j (_5J-a I4J (^J ' 5ijiSll ^1 QJ ma II jSl i£s"^Lc.l 

SjLcLi .M dv + udM = 0 Jx J.-^'- i Sj^JI i^JLa ^Jl=^i (.(v + civ - u)i 

:Sjj/^iII J-c 5JjL«1I £sla> 4jLj^ 

^ + ^ = 0 (4-28) 
M u 



.InM + v /u = constant ^1 ^^1*3 d(lnM + v/u) = 0 ^1 



J^Lua ^jL^ (M = M 0 3 ^ W j) 3jjL£j^I <£. ^1 lj| 

a^JI Ciil^ lj| .f = w In (Mo/M) (j! o^jj JnM 0 i^U! ji.L culill jbU.1 ^Ls 
:3Jliil £ jjLuaJ! SJjLjlx, ^nnu Lo J*. J.^^'i ipljl^l 



v = v 0 + uln (^). (4-29) 
5l"<lt (^-a-^) Mi /> i££ « .-^j J SjLc f jl\ jjjj .Mo/M = exp [(v - i>o)/w] 

i La ' 5JUJI is OA (j iluuz 4_o-i2 Lg_l f — l>o (3j^-> (^1 v i * Lali jlj-a j (S j^-fllU 

4Ixli3 ^liJI '^j^j 4>=»-j oAa^' .Mo /Mi = exp(w/u) oj^ ;Mo *.uJI 
LuJ «J/j| jjSjlJ M 0 /Mi = 100 ^ Ijl 

j^ll Mo/Mi = 10 



d^UI iu^ JSLuw (£) 

4 U 0 'i 1 1 (jjiij tjJ^J (jl (j j-aj mi* JVj-uuLs. o ma. 4_K j^j-o (jl £>\J — £ AJLuiXI 

.4_lS>LaJjlj |\ ttt~> II £_ua^o lj| f> nl-> II Ll J>AiJ I 

I j*^ .M <Gl£j L Ja^JI 

^^jlx-ll ^SjJJI Iflt^fr ^1 SiLull (j illj^ ii^jS!! J-C SjjjJ.1 S5UI (I) 
.JjjaJI L^jjJjaJ 4_iiajJI 4_iaja_lJlj 1 4jjis I J_£ jjjj S_a3 (^-a3l 



Jl >a-ajl <J iklj J^.1 J| J-uaj LaOicj 'Li^b <^-^* £ JJ^-" 3 3^=' .V-£ dJLiui.1 



MY 



.Y-l ijLuil :V£ J__i 

Jjljj <d US'. ___. jl ^ j'.Nll (j|_JJ £"?J^ • AJLJ '"' A _»->^l9 <(3*^__j*^l d h!u l_A-° 

m~J .j_U___l 3Ug-. ^ VI 

.jL_fl__l ___£ _j,A_> ^gjJI £__ij_l (!) 
2 4_JI J £_a_jl (_5-a3! 

J| '-^-jH X j^__aj <3_iL_l oLcj^JI ^iii^ j-L_cl SJLull __jS> (j) .£-£ dJLuiil 

(.JL___! J! ija.jil y j^=^>_ 'Jj^JI 
J! o >=. a_l .350m/s 3^^^ jj-oiJI dX j^ - ,, 3.00kg I j"l"< i_jj_ 

5jU .'r.llj .j^-iJI cjj^?- 20.0° _LvjI j 900m/s I (f«<- s ■. N j_2j iJ___JI -^".jU. 
j\L L__j_>i ^ ___ _) 1 1 .Jjj-OaH JL_<_ 40.0 &l __il (j V2 I 3""" j^u Y 

. ( _. a ______ t « 1 ^ 1 ai * Sj I a 0 

http:// : ^1) 2.800.000kg iiKJ! 4____j V ^L. £jjL___! J__. .0-£ __Lu_U 
iL_._>_! .j__jJI Jl i^__L (en.wikipedia.org/wiki/Saturn_V_for_the_numbers 
Jji\ ii^^ 3JL_^)!I _J__JI . jS\ £ Ayu,j\A "W Jl <g*_j ^jL__U JjSlI 
£jjL__JI _a_^ J_^3_l! il__j ,2300000 kg *__>£ £>L_)!I 4___1_ J_; (jj^lj J%-ll) 
__il<; £_J! S^j ,150sec (3l_; J/_l iU^U jl^l ,>j .131000kg ,__,£ 

s 

4__*_>J.I jj_j I4J _ij_ ^1 (^jjL__JI Jl 4Uj..r<n) 4_.j__il L^m-J .34020000n 

.I^Lo^aK "W ^Ljjjl ale ^jjL__il _j_L$_JI j-uJIj JjSlI 

Mr 



l-£ aJLuiJLI 



tan« 



M + m 
M 



tan#. 



(4-30) 



\ 



' J3M BE ' 

□ □ Hi l rti u u □ □ u u □ u □ 



"CJl 



Mi 



ijjJilll £>jjs> .iSLkJIj JiAll ijjJij cHjjj d>Ul^U 4-04J.I ioL«JI gjLlill 

(3^J <Lo f ma I _^JI iajS .till c-Luaj j iSNbJI Ssj^J ^lla JjlIJLi lljlj .^Kil (j 
.l^p^ £-<^I illaSlI <>a jLki J-C Jj^U'll JjLS JLJI Ji^flll j gl3jlai^l 

(_jjJI ■» mi II i_Sj-*-> .AF Ida. S_/\ * ii-i <La.lj^! (j^sjJljj p < ma. Sjj^^-o F S^i (j^i/Lsl 

(jl <t ^o->"l ^Lill i_j ^vAJI Jj^sU^j Lola <_JLkJI (^ij Ijl) S^SJI <j jjJj 

:<jL (.Jj^sIjj (^1 JjS (I) JaJJ.1 IjIj 

Work = F ■ Af = |f| |Ar|cos0, (5-1) 

iil^b Sjjlj 0 Lja.1 Ijl LcLii jji j^jj *i <Gl Jia.^ .Arj F ^ ijjljjl <y* 0 
.llJLu j! lla^ oj^j (j) J» mil .cos(9 = cos (360° - 0) JS! i^-jLi- ^ 
Ijl ,4^ JLjjj ;180°j 90° C£i J 90°j 0° 9 Ijl L» J-t 

<Li_i jLzsJIj '(3s9 i^JI jJ-C Lia.^o *SLi_tu Jj-Jj dljLi t(JjLo (^.j" •« a (J-^l jl LS^Jj_LtfS 

^ a Jiuul Jl Jp^^l <j-° £ L»j-oJ JjjJj-uaJI ^ ' ""' ""^ lj| L»l iljJLiu 'SI » mi Jj-ij 

1a ^sl I'-^j a 'SI ii mi Jjjj iijjLaJlj '3j ''"^1 J-c- HJLu 'SI ■» mi Jjjj cijl I '-j a iJjUI 
<GLi Ij^J i^LLi Jjj3 ^ 5^1)1 (jU <(ia.lj^l J-t iij^ac S^iJI) 0 = 90° oit£ Ijl <ul 

JjjJ "i! l-i Mill LgJjjj ^jjJI iiJ^ajJI S^^UI (^jLs <(_mlal t-i mi J^. |> i mi-^. illj^aj lj^ 




5 jrtJL^a i^-lj^l f-1 ( _ > "'-- <LaljiJLujl ((5-1) <UjL*ll) Jii oJI ^Jj jJlj 

((5-1) ibL*_a) ^JljjjiIJI P o ^ajLI 13! .<U.lj)!l tL^l F S^iJI jy^l ^\ Ja j-olj <|ja. 

^jjSi ' ' I \j '»nll g » LtJaJI)) i Su jJuJIj ($1 3 a •"*■ f 4-0-12 La) I m u I a <jJ^-J 

^jljjjl a i oa a (j- 0 ' * 1 Q Sj^Q^-iJLi Cj lu ) I (4j^J^! ^y^^Jui La LaJ-ma <jl ^sa/Lsl 
<jl Sj^o^AjLl (jjujj a « -"^ II 4*% I ni (_£J-1I jLtull LiAjI JJja-J ,T"f ^jL^-J Yq 
d 1 ...1 ... ^J| jLuJ.1 a « tgflj ^ n U" , , (4xaJjhLflXI 4-ij=k.LiJI . Lo >o" miq 1 (j^a^- 1 

-F n (^jilJ .(Y-0 J's m jiajl) a — " laji Lgj-a J£ Ar n Ijja. 5^ «-lqJI CiLa-lj^l 
a ■ II J_£ Jjjjll Jll Mill .ATVi <L=JjiLl (jiaj ■>"< I Lajjc a ■ '"^ II J_£ SjJ^ll S^flJI 

c-LijI a ' II J_c JjjjII J^-ll JjLiuJIj <.P n ■ Av n jjt> i^vSJI ^jUx. II fcjjj, P Li5| 

:IbL*lL ui>>h; Ji (> <J^>a. 

W = ■ Af n, (5-2) 

n 

J^Ja _i i r~i I LaK ^ J a^all 2 .1 j'.ll j\ II 4-ajjaJLi a Liil "littl" 

.LcLu j-i^li j^l c-j oa-ll (j \j tia 1 1 JJC ^ " OJ j ijjLuaLi jJLual " ■ 1 j U A. II 
La^a^ (Jj-ajj tj^al^lll a,^a g a I a « a *J ^^a-i^aJ L&Lii^£ I 4_*Lg_lll ^al w II 

r/ F-df (5-3) 



iiLkJIj Ji mil 




.jUll 



:Y-o Jii 



:j\ gJJJj J| To (>8 -F S^iLlJ (_yIaaJI JxsKlJIi) J I SjLc. _,j}_au (^jJI 



F ■ dr. 



(5-4) 



K5-4) iljUil <> "Jjj (5-2) iljUil j£jl> J JuAiSllj aiiil <> <d ^JLkJI a3 
jl iji-aj <F S_jUI 2 « ..U Jx. IjLalclj 2 Ij j ,„ . I a j j , ^" (^ji^jj (5-2) ilwlLatXl ^ 
cjjj oljLuil JU 3-cliSJI (juij (5-4) ibbd! ^JjlalJ (j^j (j! <(j^-aj ^ 

(jua'i F SjS II (jjij viuja. liuaUJI 3JUJI (j .Tfj To i^iJAa a l v" US'. 

uj j-^JI (J-lc^L^J £_jj^jJI 4_l_uaL=h a I '"I «^ LijjJ ^j^L_s tjl fti U JaLflj ^ i o ~v jjs£- <La_LflJI 



W = HmJ^fn ■ Af„ = F ■ {ff- fo) 



(5-5) 



iujUJl au...ij. Jjjjil jiAJl c_j >n-wl .(iujUJl 2u,„ij. J; ,7ill) \-o jiiu 

•-fgrav = —mgk ,jl siLQ S-iiSQlJI iujLJI 5^3 
J mL .r/ j-tis ^alJ p^jSJI (jnij ijl^j ("To = *oi + yoj + ?ok !'■•■< oj 

:j,t fe- i = 0,k- j = 0,fc ■ fe = lj (5-5) UjUdl 

W^grav = mg (z 0 - Z/) . (5-6) 



^LgjJIj ^Ijlj^l ijfi * J^. Jaii J-oIjlj iijjUJI <Jjjj ^jJI Ji mil l^-w^l 

Lajlc ^La. ^ <-> f<-i Ijjfc .(jOLxi^jil (jJjJi (jVj ^ < ma II 4*s I ni < (jo«-o jLtu-a J-oajli 

5 

vIjLsLulo J'iLi. j> < ma II d__>^JJ Lajlc i4_il2ljill <LujL=dl S^jS SsLaJllj jljjLa j^Jd 

't>"l H a t>" Ufl'l (ju oljLuJ.1 J£-l <Luiij ^jjSi SjjjLaJI <Jjjj (£.111 J» -nil) .S_/\j£ 

j z/j z 0 (> 3^ Lfc? J^-Jj c^' SjLo.^1 .((5-6) ibbdLi ^ Lla^ <c£l 3 

pj'"7> II J-t 'ii-i Jjfj ^j^' 6^ SJia.'iLu Uj^jj (^-aj (5-6) iljL«II 

im-> II J^. lllLu NlJLij Jojjj ((i^.lj'bLl ijjlj^ S^iJI (jjii) Ji-JS! dj^JLi c^jJI 

.Jx.Sl d_^lj ^jJI 



dillaJlj JAAII iL^Iaj (Y) 

ito 4 '" •» " <Liioj 4J=>~d ale Vo <Gc To 4 1 i^jja u^J m 4jjj£ LIaxuls. j-GjilJ 
j£JI Jj mil yt, W {jLA .l7/ <G£.j^jj ff AjuJzja ujij t/ IaOaj (JJ^J ila^J jjcj 

r^I isLkJIj J; mil 4j_>iil .fy J| f 0 (> d j^"jl pj.nA II J-c Jjjd.1 

1,1, 
W = -mv f - ttWivq. (5-7) 
2 J 2 

Jj mil iijJil 4£L^, II^jj ipj.tiA II 3£^JI iSLk ^o,iu (l/2)mv 2 iwSLII 

iJtUI ^lll S^JI, 

.4j£_>^ iSLk (j _£-*jJI (_5jLuj iilaj SJli (^l J'iLa. mA. J^. Jjjd.1 J» mil 
(.iijljlj^l I (j" aj 5 Lg-La <^.jjJ=ixi iixiill iijL^llI ixLjjjJLi La ij-a£ (j _£-*lll t-ijJ^i 

cj^vAJI Jj^aLi. jA-Llj _F = md ^^iLlII (jj^j-ij (3^jLSj lj.il <jj t-illl a i& oLij^! 

:J^. Ji^^. jj <l7 iiiLaJJI ic j^lII ^LaJLa j_a ££jlUJ! ^LLlI 

F ■ v = md ■ v. (5-8) 
a^l ((!) J^ia ^ll) d/dt(A ■ B) = A - dB/dt + B ■ dA/dt f l^-,„L 

^- {v -v) = 2v - = 2v ■ d. (5-9) 



MA 



iaLkJIj J; All 



ma ■ v 

at 



d 



(\™ ^) = a% [\ mv2 ) ■ (5_10) 



:Jx. J-uaaJ <At lis. S.£-ua2 iiloj S Jli (j (5-8) iljLall (j^jL?- ^ 'j| 

F ■ vAt = 4- (-mv 2 ) At. (5-11) 
at \2 ) 

iilajj! SJlU! pUSI pjMiA II ^1 *U.lj)!l <yk Ar .-^ ivAt = Af (jl Lajj 

SJLaJI pj m A l l (jx JjlA\ AW JJ^iJI ^ (5-11) iljbuJJ ^Sll ^LJIj .At 
ii^JI j cuLJI ^jaJlUI L^J L ^s> (5-11) iJjbuJJ <>JS!I ^UJ) <At iilajJI 
p.wnfll Jx Jjjiil JiAJi oLs dJj Jx pLbj ;At iilajJ! SJLaJI fUSl (l/2)mv 2 

.4_iiojJI S_/LflJI 6JjS> pLjj! <G^_>^. iSUa (j _/\_«jJ! (_5jLujli S_/\_ua2 4_iiaj S_/\-S (_gl C-Lijl 
(_£_>j LijLi iSj-iJXj S j\ ia< 4_iioj vlilji-S (Jl tj Jl^ to (j-a ^-lio^l SJLflJI ^ 1 mS" 1 

3jjL$ill S^j^J! 3JaLk (£jLuij SJLL1I ssjjsi pLij! ^ « II Jx JjJjII JlSJI JiAll (jl 

.(5-7) iljUil 4% ua OJJJ Lo-o iijjljli^l 5£ _^JI IsLk L$lo iaj^^kxi 
;J| l^a. UajS 111 US uu ^ 1 111% Jx iSLLJIj (_) ■» mil 4->jiij JjjjJoj 

^mvj-^mvl =mg(z Q -Zf). (5-12) 

f-yj fx (jl J^jj) Jj*^l J II (j LlLaC (j-o S j^IiLua gr"n"i d a ujJl fcjifc 
(jl d£Aj (jl jjiaiiuj ^Sll Lij^J i(S_£-*lU Sj^^jJI ^jjSi f z (jLi I jjj ij-aJI iajS mJl sljjl 

•iij-^ LkiLo L^ji |UM3 II (jjij ^ Sjj.ix (j Liijl 3%j% Ir ~, (5-12) itaLall 

(jjilol t-i in ,Jx. 4_i_ijLJI _/\jLj 1*1 % j <jj j % "i 1 La Ln 1 iii% nJLill J u iii Jx < j-Litl 
i(j-ajj| j_o SjLc (jl^i «3j iii L^jSjUvjIj aia II 3I%C jljJLo (j-o lilUJI £>jjS> (j .J£_<ij 
. JjjIajJJ JjLS ^jA-C- JjSlI Jiiiall (j SIjLj 3U ■» 1 3£j_aJI JaLs-j (jLi |»j (j-oj 
jla II (jl Ja j^Su (JjjIajJJ LIjIj <1jLs iSLkJIj Jj mil iijiij (jLi j 

(jl J^.^Li .<uk S jSjil ^aa. SU.mI^j p_iiii%H Jx. JjojII J^-ll J< mil ujl in% I 

,Jx (jljJJJ US ° (jLj^S J^-JJ SJLaJI 6Jj5i (j .<J ijjl^jja S^aS (_jl Jj-u *i! (jjilol t-i iii (_jl 

La^j .gr l-i ..ill LgJajj ,^1 JV ijj^ajJI S^jUlj -mgk 4_<UI nil iujUJI S^jS :^j,n% II 




S 'j^-j 11 S^UI gJa -I' (j i i^-ljl Ar cul^ lj| (ilJjj JV ■ Ar = 0 JS! *iLi 
.^luj (5-12) 3JjL«J.I (^Li lig-lj iiiisljlll <L-oLJI S_j2 ^ *UlJl Jojj ^jlll 




3£_>^ j SjjLlji I 3Ug-. (5-12) SJjLsdl j «iijl4iJI» 3JUJI Ij| 



v 2 = v£ + 2g(z 0 - z). (5-13) 



iiLkJIj Ji mil 



Z 4x.Lfljjl J^ Un a Jnlti a I "'^ II it j-uj jljiLo (^l iA<jj (5 — 13) 3JjL*J.I 

(5-13) iljUJ.1 $ f^ljS^I <tL^jl <> j^l ^JdJ JI 111 ^ <Gli ^j^l 

.z > Zq Ijl V 2 J SjJLu Jl — ^Jj^ 




.Y-o JH. j 



(jjiial grU ni J-C ,jJ>lj ( W 4lK) f»j diA. .(Sj£ i QkVi J-C. jJ>^ fj "'?•) Jl^" 0 
3£_>^JI Idxj) iojLlI ale \ mil (^-o iSjLl <(_R I AjUa . a,^".^ 4-ljl5 a Sj£ I Luall 

jlja n jjij <f? iijI^JI jl-lfl-aj a ma II I J -° U^.j . (^jjJI 4 laa Ul ■'*'<*■ .(S_/-i-ua 4_SLijj 
(_gl ?a ' '"^ II Jx. Sj^JI i Luaj L^J (_y^ll S_a£JI jljQ n (j \ a^j "j^Gcj-jj 

S-^, U ,„ll Ijjju a ' '"^ H ^J=u 0 iijl^il *La-i2 

(5-13) iljUilj z = R cos 0 <5 _>£JI ■ a,-.; j£ aic J^SlI SLkSj Liii.1 Ijl 
taj ...4. II Jx. S jill i Lloj LgJjjj ^1 S^U! cjLuaJ .v 2 = 2g(R - R cos 6) 0 1 ~»* 
:a > ma II J_t jljjjj <±111a .(i 7 = ma) ^^jLUI t^j-ij (j^l-S a! ml I '» ■ lc 

.Ja ml Jl L dilj 1 3 a>l ^"lj L&jba aj SjJSIjIII 3-ujLJI 5^3 (N) 

.g-jUJI Jl ^^kill ftLj^ll j g rUc ll L^JjiJ ^1 JV iUaAjJI SaUl (Y) 




<_F = ma S^llJ 2^ Us It 4_i^ ^1 Llo^j .(Ji-<J J0 ^Loll s>UJil j dv/dt 

TYiU ^ 

rag cos 6 — N = — — — (5-14a) 
JV = mg cosO- (5-14b) 

AT = rag cos 6 - 2mg (1 - cos 6) = mg (3 cos 6 - 2) . (5-15) 

JV = rag 0 = 0 j <jH-*-° (5-15)JV itaL** 

j^iJI J_c (5-14b) 3JjL.II .■"<_■•■■ v "lkJI (jAju : jjo^] .JV 0 UKj 

J j^L"JL> jlij La llJLi dJj Jjiij ^jJI (j^aa .(5-14a) 4JjL»il ."■<_■ J 

c-JjJI ^ » ■'■ ' SJL^a 2.1 j'.ll ,j i-S^-ujj a I im II J-C. jjp 21115 5_al^ mV 2 /R 

[.j^l tjjLaJI mdj mi'II ^jljLa. .ArJ J^. (^^ali-ll J£ J-^^ Lajlj 

(j* 3 "k* " Jj) , .M U 1 1 j_ij_*JI i^ . *> I j . ■» . a . ■••^ II j\ U . 0 Sjjl^il £Loj2 '*.<* 

^ g LI ~> U . . , 1 1 a . ma II cJ jta— > La J 'if. l _pJI d U a '. 1 1 i u . ^jjl j I nil ^ j 4j 



4jjL*J.I j^l a \ .4-l.ia. ^ <t-T< mi \ j> < Ml^. II j^l US 4 (j^-OJ U Mill (jl iilljj| 

(jji; L=j^ AT > 0 & = cos" 1 (2/3) = 48° Lj^ AT = 0 J ^ (5-15) 
oikL. jJ^JI J ^ <JLJI AT <xli3 .9 > 48° La^ N < 0 ,0 < 48° 

j>J ma II (^Li iiillj JaC jjJalxuj "i! U mil <jl Lajj .Ji.ljJI J| LjJ-^S f '"? 



Sj_>i. 3JL. <jii3Lii L£ Ljjl ^ .N = 0 (0 = 48°) Jj hi "' 

» 1 t-i" mi 1 <*ll Mill (2jLs 1 4-1 j I S n Sjjlj i <f<Vi J^-<Ii ,J-C. (j^. '1 n (jjilal i'II mi J-C JjJ>" 
.0 > 48° (jj£j LaSiz. Ji-UI J| ijjj^vAJI SySJI (jl (<j^_cuj) 

i^i^il I ''j I (Ji-jil .(jjjjl Mill JjuaiJl ij jj^I J"^°*i vZjLjjjJI (jiSLjj i_ s_jjjj 

JjlaJL ^LiSH SJaLkJIj JiJuJI iijlij (j^-lj <3jl iriLflj 4jjL*_a J^J-k 2 6^ 

.Jllll JLUI (j 4jjjj mi La Jx. JjOiill J^sl£ 

. Qa Mill (j 4-k^jj-a m iikij i££ Uj ou Jj.lij -(Jj- 1 ^? J^-° 



jjc JjjjjJI (jji-i Lailc (_jl) (?max ( _5 j5 > SjJjjU 4-ijIjJI 4 » Mill .^iiljJI (_gj)" Mil I (jJiij 
•(^max <^4_>JI SsUjj^lj I I ijjljjl (jj£j t^g j.nal l 4j£_>^ u^jl-gj 

L$ji j-j-^j ^jlll 3 U^. Ill jjc Uj-^ II (j jJLllj JjjjjJI <£. j~ju jIaLo J^-jI (I) 

4 -> ^n^" Mil i((_5jjIjJI j^j a" I L • ,\ (^j-a J3l) S^r^-i-ua ^max (jl o^ 5 ,^ (v) 
.iial^ ijjjj JjjjjJI ja-olj ^jiJ jij^LlI (j-ojJI (^1 ijjjliil (_JjjjJI (j-ojJI i_jLuaJ (l) 

(.4j^»^3 

iiikilll ifcfll! icj^u J^. iaJ^jiCj II JjiaJ 4()-->"n II Lg-liiJ ^jlll S^UI 

ijj^ac 4jUa'<ll 3I"< II Ar 'U.lj^ll (jjii At S_£-Lua iilaj SJli ^1 (j l( ilJj J^. JUjj 

^ Jaii iijjUJI .NLiLi, Jjjj "i! Uj-^ II (jLa £j (j-oj i II Lg-liij ^jlll S_jUI J^. 
ja^ll UJLU Ijl (5-13) iJjbdl ^Ij-^'miI ^jki»M lo^Jj iitJSJI ^Li Jlu ^1 

(fO = 0 llgJj) (_jjjIjJI j-o ^max ^Jj'j II i^j La>jj£. ^jlll 4 U^. Ill (jj^-iJ 




la Jj^j-i :V-0 m 

^jijj ( _ r S-S^I £-° @ ^J^j l~ '~- H ^ ' I A ' "~ (_sjJI 3 U.^ Ill 1 1 "f" LjJLilj 

:(5— 1 3) ilaLstil ^^«* -j if ^ <Gc ^ 



f 2 = 2g (-L cos i 



Lcos0). 



(5-16) 



^Jl ji* Ji^SlI 2J=i: UiLLl (5-16) iJjLjd! g-LilL^ 

ja-j Ij^ .z = -LcosO 

v = J(2gL) (cos 6 - cos0 max ). (5-17) 



fljjl Jj ''--II 3£_>^. j 2 Us - . ^| ale- icjuJ! jloLa t-«" (5-17) SJjLjtJ.! 

J! LLiSij Sj-aj t> o ill Jl bLftj 5j-a n>Jj-o 2 US', J£_, JjjjjJI jjjj .iialiJI 3_ijjjJI 

.jLaJI 



T - rag cos 0 



mv 



L ' 



(5-18) 



(jl j^j (5-16) SJjUil Jj^lmlj T jLj^ J=JL> tsai. II j yt, T 

T = mg (3 cos 9 -2cos0 max ) ■ (5-19) 



iaLkJIj J; All 



jic (ji-oj La j i i ,-1 Ij 0 = 0 (j^-o-i La j-l^l T <jl J^J^J iljLxJ.1 fcOA 

U^iJ J^I^JI (>o (jLjJlflj jiLalJ! ^yli^. ^Li Jia. S_£-i-ua 0 m ax Cul^ lj|j .0 = 9 max 

.jSjjjj ^ La£ T ^ mg 

jyuZ LoaIc .JjOiiil <j-°j-" t-jl ua I (5-17) itaLsAI ml Lij£_aj 

(>ajJ! .LdO SiLull v 2u<-k2 AS 0 + £*0 J| 0 ^ _>JI kti, II iijlj 

: j& SiLJ.1 £>ia> 3I~<II ^Ua" fO"^' 



dt =L 



d9 _ L d0 

v V 2g Vcos 8 - cos 6 max 



(5-20) 



<Gjjjj es^;'-^ CS-^-i Jl ^jLtuxi (j 3US'< ^jl <j-o Jjjidl d>=Jjj ^jil ^j^-ll o-ojJI 
•0 = ^max Jl d = 0 (> 0 Jl 4^uUL (5-20) iJjLjuJJ <>^l ^UJI J*l£L C^u 



T 

4 




d<9 



2g J 0 V cos $ _ cos $r 



(5-21) 



^max ilx^-* Ladic 6jl_^l (j^-lj t(l ' io°Li "iLalij ( — n m <) Lxljl (JjjjJ JoL^jJI 

(jjjLflj 0 ^ ^LajJI i_naJ (j-ij^jJ^Lo 4 1 ml 111 p I 1 . 4_iil£ i^jjj S_/\-i-ua 



= 1 - 6 1 I2\ + 0 4 /4! 
(l/2)(9 2 max - 



la II ■ ^ w 'J tCOS ( 

COS 0 - COS 0 m ax 

ijLi £j (j-o^ i(,_5jjljJI jjjijJU 0 m ax < 0.1 Cul£ lj| ■ aJ^!l (j ^ J3I LkiJI 

(5-21) iJjbdl 



T 

4 



d0 



0 ^ 



(5-22) 



:^nnj JxiKllI ^Li X = 0/0max -£-*^-l 131 



(5-23) 



(jl (jLjij-JL ^jl^3 I^J I (j-a <jLi i^yjLgjJI JoKjJI (>_i-*j JjS ^jia. i<ii._ > J.I SsjjSi ale 
Ioa .(^max ^ 1 6^ ^J^i) ^max ijj'jJ' 4-*-mJ! J-£ J-a^J ^ t5JJ-iJI i>>jJI 



\ 0 0 



dK"~J j\ <*l>g-ll <LajLLa 3~> jVi) ^Lkill (j laj ouJl jLaaJ^I (jAaj Ijl <jl (_yj-»J 

^LuaJLij _/\JlLi *i! J^jjjjJ (_£JJJ-1I (j-o>M (ji^ ifJajj $max (jl "~i tu I ninfl (jjjjjulJl (j 
.Ifljlf. Jj)-*J icLuS 4-al„^" nil Jljjj ^jll! ijj^UJI ^_a> .iljljjl 3 ■» mil 

c£x = (Ja^3 .nLj .x = sine/) LsLi| I ua^^G c? _ 5 ^ ? Ji ^L^JI J*l£iJI jUj^I 

a^j < Vl - x 2 = cos 4> j cos </> d4> 

t = 2ttJ-. (5-25) 
V 9 

<4 ■» mil J-C 'iLiS J-ojjlj iijjjJI <jLi iSji-i-La cjjjjlil iijI^JI 3 ■» mil (^^J 131 

.ic^uJ! SjLijj jljjjj 
j^sj ^1 ik~JJI ait t = 0 LiiU lj^ .t (>=3JI j illj^ 0 5jjh>U 

JjjlJI i_>La>.il j-jiLll t (j-ojJI (jLi 'LA^JI ISj^sJLa iLjjjJI 4llaijj JjjiJI L$ji 

:^j_S> 0 3jjlj Jl L----I <Gja.flj (^j-a 

t^f"-^. (5-26) 
J ov (0) 

■ J^K'll Jx.Sll JaJI ^ ^1 9 (j£ Ssj^ ^jSU 0' J^KlJI ^^Lo Ljjfcjj-all 

:J^. Ji^Vi ilia. S^^JLua f?max (jl '^^^ 5>° i<_y£5__\iLj 

d0' 



-f 



(5-27) 



V max 17 

:(jl 0' = f9 m ax sine/) JxiKllI -J^^i 

/•sin-^/emax n~ / a x 

I dcf> = J-sm- 1 (^-). (5-28) 

Jo V 5 V 0 m ax / 



iaLkJIj J; All 



0 = 6> max sin [^t] (5-29a) 

L^ii ^1 III ale t = 0 Uo^l L£ ji 

:J_> L£ (5-29a) iJjUlL, J,^„m (5-29b) iJjbdl ^Li 0 = 0 max 

6 = 6 max cos [^|t] . (5-29b) 



<lJ$]a Jj Jfl-oll J| 3£ j^'fl -nil (^a iaJ> ^Ioj .(JLuiI Jl 3^1) i-0 Jlla 

(j^o Z?2 J-C (j jj'C .ni l Jl J-^aj (^1 Jl ^L.ia Ji^. J,>kj j^Lu^j <(9 ^j'jj ^1 

dK"~^l J-oL»_o SJjLjl-o gjjj liSLkJIj J it mil <L jiaj ~l I .Jill S^cLS 

1 ^/iVm (j£ SjLc dj^^Jl] £>2J £>1 ihljJ ...hU llj i^Jjil d>H A'fe LS^^-" 

Sjjjc oLaJj-o (^1 (_y£5_/Laj I 'i I igJjJI La-&j mi's i J 2 a llj Jill .[_/\_uaja 0 ^^""^ I 

o^jil ^^Jl dtii^ll J*!^ Ijl . 0 u\J aJ^ Jl <Jj^ o2 ^JL 

Ijja. 1^ ^jJ ^^ia. (j^_>JI JLojSjI i^Ij naJl (jja (JjiaJ 4jLi < 1 j fl i <i (_5jLtuj 

.(A-r iiLoii jksi) 

j 3j < sj*L'm < s II ti>^jL«Ilj F = md mi* (^1 ilLuil s>jj5> J^. Jjla ^.a^-I 

.(lla> JjLi". (jl ^^-iil;) Jj^l J-uaiJI 

^jijj "0" jQ ifill Lj/Li.1 Ijl il^^J-oj IJ^Lia 'iLa. iiLkJIj Jj Mill 4-ijiaj 

J-u=£ ^yUl ik^UI "f'j < JUI 4^3 J_£ Ujk <^J>ll Jii\ dJaail l 

Wgrav + WW = 0 (jj^J <j-°J ;v 0 = V/ = 0 ^Li .SjcLSJI Ale ^Js mJl l^i.1 
ij* .(t-uj^lll J-t .dK'V^llj iujUJLj Jjj^J-l J* -nil Leui Wfricj M^grav 

Sj^K'^I S^ill jljia (jAaoil .M^grav = m^Disiti^ UjJ (5-6) itaUil 
Jjjjil J< mil (jjij dJjj s^LjJjJ.) S^_>^ ssUJll (jn<<- j JajLIj ^ k mg cos 9 




■ ^l~nnn JL=. jji Jo ml J[ j^jjl :A-o JSLul 



Jjjiil JiAJI 'JiiLj i-n k Dimg cos 0 jja ill J-c i^J^i! .Ljaa &Li3l dK"~^L 
i^Li 4Akj '.-n k mgD2 -^-U ...I I Ji-JI J^kj i^Jjil 3£ dK"~^L 



mgDi sin 0 - n k mgD\ cos 0 - n k mgDz = 0 — ► 
Di sin0 



(5-30) 



DicosO + D 2 ' 



^Jl iiLb (V) 

J^. v JJL<iu JjjJ (^^jJI S ''^jll S^iS-ll u& <L-ijLaJ! 5_j3 I J -° (jj^J 4-lLa. da j Lalxa 

•^jj uaJI J^. 5JjL«J.I £>.ia> <LLj£ SjLcI ^-oj jj..U*ll SiiLS ^j^j (5-12) 



1 2 1 2 

-iuVq + mgzo = -mv f + mgzf. 
I4J (l/2)mv 2 + ragz 3jo<ll J LiiLi ^llk^J fj 0 (jl Ujj 

1 



(5-31) 



^mi/ + mgz = constant. 



(5-32) 



iiLkJIj Ji mil 



Siti. a iSj_>Iaj l^iotii I '-•■<! .(5-12) iljLtll £-a uj"^ 1 1 j <jLiH (5-32) iljLtll 
itabdl .3£>=JI iSUa i(l/2)mv 2 3jn<ll ULJ J*iJL> Lukci .La Ll^j 
ii^-JI pUilt iLli Jkj mgz 'LvaUlj 3£>=JI iSLU £^=^a jx. (j^aXS (5-32) 

(jl uajj ' ll^.Lu3_a (jj^-> (jl ■. la I 3£_>^JI i2Ua (j ( jLualj jl) SjLij (_gl ^La I IqSj 

iljLtilj .(j-tis^il) 'j-^ II iSLk ^ n ,m'i mgz 4_<^<ll .ragz j jJilla (SjLj j!) 

:«jt ^ (5-32) 

Kinetic energy + Potential energy = constant. (5-33) 

4j< mKjII iSLUI ^^-clxuj (j-uajll) '3^ II iSUas 3£ _>aJI iSLkJ CulUI J-^?JI J-^aU. 

uKjtl iSLkJIi) Jl lia> ,^-<i^) .iSLkJI Iaq^ la^a n ml (5-33) itaLtUj -2_.KII 

iSLkJI Jl |j i.t^* ^\JuJ glk-u" (( 3 i< uK J.) iSLkJIll 2al Ull «Lc.l_sjl» dlia> jSl 

iliij ^AJI Ji ,7. II ,1-0 Jlla j) (5-12) ibbdl Ljji 3JUJ Jali 

i-S^-ui <Lajlj Lii-a-a (JjijJ (^_>^-l Ci^!U»- Jl Ij-ill JjAaj .(ijjll JJsjj (^^^iJI .'IK'^Nll 
.Li£_a-a J-iJ-ail! IjjSi JlLa (jj^-i I A '"* i_SjjJaJI ^Sll (jiiSLu 




\0<\ 



(jisjji <jjjj F = ma guHi Lg-^) Lib ubJI <4JaLkJlj JiAl! iijlki 



] 1 f ^/ 

-mvj - -tuVq = F ■ df, (5-34) 

I J Z J r 0 



.ff J! f 0 <> JSIlj ^ ^,,1--. II Jjjiil j£JI Ji-SJI ^ (^S!! jJ=JI d 

:(3j1j ojaIc. . (LLiLS Lg-x-uo^o J_c (^1) M iAsSLt 4 1"< I 



P = -G — ^-r, (5-35) 



jj5> ll»„\^~ Lla^J Laj .Wt J| M £ya j^Juj, Sj^.j 4->"n 9j iTtlj M ££j SiLuil Y Cx 

(3^-ajj 1L0 j^. Jl ^yla in SjLic m 4 ■» Wi" ^ill jLuil .r/ Jl^ ro ^ jLJ.1 
J! Ar JjU" (3^-oj .Ar <^JlJ.L Lg-La J£ JIoj Sjj-ac S_^JLua ^l^lai. Jl mS" 
(^Li <F ■ Ar JiAll i_wn^'< Lajicj • £L ^ £ - SjjsLjLla (_5ji.S!lj r <_sJ>Ijj Loj5>Ij^.I 
ULijI Ijlj .^LUI ^^AJI Jj^sU. j mi* ^1 Jaii ^ r (^jljj ^1 Ar 3 -» U 
olj SUa'.ll ^ Ijjj Ar 4^111 ^Li <(M jic J^l 2 Us-. ji.L) iiikS ^LSI-ia.1 
.(r + Ar, 0 + A0, </> + A</>) SjjUJ.1 ikiUI J| (r, 0, </>) SmUaII oLul^l 
:(j! j^i Ij^jj i(Ar)f ^ ^jJaUl &Lj^I J^^kj Ar 4jU.sH 

f. Af= [-^f] - [ ( Ar)f] = -^Ar (5-36) 



.r ■ r = 1 c 

:(jl oaJ tCiljU-^ II (3-a ^LoLgjjj^l jj-aa. iiLiLj ( Ar -» 0 <35i2l 



f r ^- f r ^ GMm , GMm GMm ._ „_, 

| F ■ dr = - \ ^— = . (5-37) 

J r 0 J r 0 r 2 r f r Q 



iaLkJIj Ji All 

ijLui! ijLgj US'< J^. J=lLs j-ojjlj iujUJLi JjjjII JiAJI (jl i_jl m II Ioa g-'Aii 

jj^^ij LS-lLtu IjiSl I'l ~\ i A j I ) ij-l" t-iQ'<ll (j-GLjl (j-O oljLmll Jil 4 nifl'l ^JJ* ijj^-> f-* cj"°J 

:j,t jaj (5-34) iJjbdl j (5-37) iJjbdl JLLjL, .(31,15 ixlSlilJI iujUJI 8,2 J 

1 ? 1 ? GMm GMm 

-mvj - -mvl = — — (5-38) 

:4lsKx, 3 »j lr ~,\ jl 

1 ? GMm ._ „_.. 
-mv' = constant. (5-39) 

2 r 

fcjj5> £^oa~o (jS 4jJ3Lj11I AQ-\ II iSUa —GMfn/T ( _ s -ajjij ilLaJI (j 
Lia-uajl) (j^sjSlI j^j-a Ale icj-uajja ((j^sjSlI = Mg) M e 4jt-iS'i i££ I Q I jjj 

■ ( ^j'^a' (jUj-JI (jisjjLi (J (jU ( J*t£lll ^Lua. J lift ^JajJajaJj f-"0? 

cjjiLlLi ^ f J- 2 - <Lh>U itSill Sj^.^ SjJSQllI iijjUJI S53 ^ g (jl Lu 

S = f^, (5-40) 



cj->_>2 Lo |\ i ma. 4^_>a. (jisLlj Li^ Ijl iiiilj (j£ ^LuiS .(_y£5ji!l jja^ i jin'i -R 

— GM e m/r ,\q-<. II iSLk (jl j^-^jj J-t (jj^-i a' o V'.'* 'o^j^' gJaju ^ 

.ragz Lg-ijjj^ Jj-u, ^l II £sLk j^l m iaLuil r 6a.) 

<jl£ Ijl .(jis Ji\ ^L,. J^ji p_wif4 H jl z oj-v :r = z + _R I ia> dl jj^ 

2 « 

: i_i" < s j I (jjj-t II vijlj iijiij ^l j~>" ml ^ < mj LiiLi iZ <^ R 

GM e m /I z \ GM e jn 



z + R 



m ( l z \ GM e m 
- GM e m I - - ^ I = — + ra#z. (5-41) 



(tjp * <-^'- l ^ 3 l *^ 1J ^- 1 Jois (jl fl a 1,^(3 II iSLLu (ji-uaLLJI (j-i j^ajuJI (jl I j's ftj 

II) £-ua_all 3iLk Jji "ill Ji.JJ >2jLiI ma II J-J-aa. (j 4jl i±m-i. j .Z Jx. J-oj-»J "i! 

.(jljiliLa ^ai\ A 2 iS-> (j (j-i^jJljJ! (jli t(>" l-iS'l 



jla -I (_gl) II iSLk i a.jt" ^ ^ill iilSQllI 4-i_ijLaJI S^S 4 i i^-iLa. 

d<\j^ II 2jaLU^a 4_ua^JI ■ 'I I" O j a-v ^ J U » >. i a * ...^ II £_ua^a»a ( J_£. Uo a \ aj au 4 i 
^yU Ua\ ^j^j Mj^" . La ~ * '"^ (J_C 4_i_oL^JI U mj^aJ (J^diLI (Jit mil IjJ-i La (Lj_sLj 

^ ' * ° J ' 1 ' .J Lull I Saxjls **1 

\ J a II i2Ua i a.jt" (^^-aj 4jLfi ijLuiil J^. Jmii "i! J* mJl jl 3 i i^-iLa. 
^L^ Ijl 4-laiLa-a LgjLl F La S_j2 i ^(^^l ' a»jt"ll jijS'i - oK II Ijl A. Ij 

111 (j-GL* (>J 

I (J '° ( _ j jJI SJlaJLl US a Ijjj, I '," i3JaiU>_a S_a2 SjjjUJI jl '^Lii Llilj jJLl 

(Jl iilSQllI 4-i_ijLJI Cxi\^ Ijl (3^-1 ij ji-a - ' Jl 5jJ3Lx11I 4-i_ijLJ! S_a2 

tJLu3 (j| c>l) I i^aJLo 4^to-fc JjjfLj Sj)0 II (jLi t4 al"~* o ^_i^l^a 3 ^ ) la 5 J Sj£. 
jj^-i 4_iicj i(Sj__jiLa Jj^ 4 U rul^aj 3JjJjJ.I (_5^aiU ^ "< 1 1 J-Cl^-II Ju^aLa. ij^-i S_aill 
;j\J Un't ^| £j|jLuill (J^-l 4 Mifl\ lJ-^~^ (JJLtoJI (j^^- 1 ^ (1^3 iLucga (JjlxoJI 

.(1>\J J-t=>-a 




Sj_>i-a 2 . US'. 2 1"< 2^ 2 .lal°;"ll 2_ujLaJI 5_a3 ^1 ,rij\ (_jjJI j\ miuJI (jnoj 

SjjLlxa ^al) jjL^J.1 (3 4Jj_iLj 4_U_flj J ^ g J q S_aS ^1 (jl LiAjI ^_Li_aJ /4 Ual ^ ^ ^^^j 



MY 



iiLkJIj Ji mil 



idlj £-aj d a a 5 (jj^J t3 Un'.ll .'II*. L&JJLJ Jx. Una L&jljjLa .iajJLJj '((j^- 

2 . ...'.II . isUvj'illj JjljJI Jx. i LflijIjS n (J^-l iSjjLj 2 US'. '.2 fr^La S_aILll Ijl 

2 j ". a S_jU! <N '-o J< ,7. (j .2JiiU^a j^ij S_jUI jLi .Sljlill 2 US'.II J| 
J-t JjjjII Jj mlLi AB jLuil J-c JjjjII (J ■» mil ^jLflj Llcj .P 2 U5~.ll '. LaMj 
o^jj ^ .(P U&j^^o j (jLuj2 DBj AC) ACDB jLail 

jljS n ^L^ lj| 2 1 , As SjJai. J£ jjc- 2^.lj^l J_£ 2_ij^a£. <3j£j S_jUI iDB jl AC 

J*S .nil (jJiij ^JJJl AB jl mil J-C Jjjjll J ■» mil <P ^jC JjljJI Jx. Una .ialsu S_»£JI 

JiiaJI (^U P (^-o ^LaJi^l J-c j-ojjlj SyLlI jljJLa Ijl (^SJ .CD jLJ.1 Js. JjJjI! 

iCD jl mil Jx. Jjj-dl J it mil LljLuxs (^J^-l AB jl mil J_C Jjj-lll 

.ACDB jLuil J_c J^j^U Ji mil LljLu* AB jLJ.1 J_c Jjldl J^JI 

jl fl^aiSi *JjLa) U . |_a jjja. [_j-l-o Ijl d Ual ~> n S_oil «-g-o JLLa .'IK'.^Nll 

2_i^j<J,| S_jill fcjiSi 4_lj_ij (_gjJI (JjLmJI ^jLs "'Ij^"" a m~> Jx. 2_i^j<_a 5_j3 Jj-lJ (c-La 
jlji-a J-£ LAjI J-oIajj < a m~> I I 4 ■» USj ^jJI jLuil JjJa J-C J-oIaj 

■jl mil IjiSl a — ^ II L^J jl"^ ' (_jjJI 2_£ j^uJI 




^ya d j^"' - La a - luL J-C i 7 <Jjjj (_gjJI J* mil (jLi -2 Ual ^ ^ i 7 La S^aS Cxi\£ Ijl 
.W(f 0 ,ff) JJLiJI ^jr^ui .jLuil AaliJ >lj ffj f 0 j, Lis 2J|j ^jij f/ J| r 0 



dl jj)! .ff (j illJI j 3JU 3_3-Q-lt ^ i^U. J^-i I4J W(f 0 ,ff) illJI 

:i_SjJ(j_j i(jLj_oj^!1 4^i'i in") K 4" u n La 4 t-i°'i lljl i"-».l l~ifl"ll'l <ljA 

V (f) =w(f,'R), (5-42) 

Laj .jlluj^l ikij J! f £ya d j^'o p_l >n4 F <Jii; ^jJI Ji mil V(r) (jl ^1 

<!R ^jl^. tq ^ Iojj jLux, jlj'-^l ^jJaixuj LijLi < jLJ.1 jx. j-ojjlj "il W(fo,ff) (jl 
<jiJ .^(ro.r/) = W(f 0 ,£) + WCR.r/) J ^ Ij^j if/ Jl 21 <> ^ 

jL^ ^ r. Jl it o* cxj^ ^ $ wcR,f f ) + w(f f ,A) = w (.£,£) = o 

W (f 0 , f/) = V (f 0 ) - V (f f ) . (5-43) 

JJLmJI iijJij (jLi <iiaiU~a "liJu Jjjj ^yjJI (_£_j£JI £ijL£ lj| <dJj ^4^-^ 

|mvj - |mv 0 2 = V (r 0 ) - V (ry) (5-44) 

|mf 2 + V (f ) = constant. (5-45) 
.isLkJI l^a^ loxo (joj ,yk (5-45) 5JjL«IIj (j^aJI isLk ^omu V(r) IllJI 

I ua ilj V i_i~J inn 1,^0 -> \ 4jksLa_a ((^^ jl) S^i _/\jLj C) a J a i tny. d_>aJi lj| 
^JajLj SJaLkJIj J ■» mil ijjJ=^ (jLi ((dKl^^l Jlo) SJaiLa^a ^r^C- S_a3 _£jLj CxaJi 

3£_>^ yisLk Jl l>JLl P.E. j K.E. a |j^iu,L) 
K.E./ + P.E./ = K.E.0 + P.E.o + W, (5-46) 

Jl fo (j* pj'iiA II 3£ _>a. fUSl ikiLJ.1 JlL <*JjjJ ^jJI J; All ^ W' Oj-v 

(jLi ^^aJI aU^I jn<f, j 4^K"^I ii^jLx, ^ ikiUJ.1 S^UI c^L^ Ijl .ry 

.W" < 0 



J^", mm (5-44) itaL*ll (j| .(Ilia ojSI) t^*-^. cuLi ik-uil^j .LLaiJI j^?- 
.c-^ (^1 j^-ij (jJ V (j ^ t o-* II cuLill (jli t(j<* US'i ale- i.<fl a II (^^ISLk J^. 
Ijl ,dJj J-t JUjj iV(2t) = 0 J LL*o ^ (5-42) iJjbdl ^jJI ^L^aUI 

jLl^I ikai LiJLk.1 LLiLa «V(r) = -GMm/\f \ L$jL iijjUJI a^a. <LsLk lis^c 
grU.n J_c iki^ jllui^l ik£j LiJLk.1 Ijlj .M ikalll (jc jaJI ijjLgj ^ ik££ K, 
ale II (jjij 3JUJI s>la> j .V(f) = -GMm/\f \ + GMm/R ^Li iLy aJi\ 
.JjjLuJI Lilac j_a ^° <mgz (j^j^l g La mi i^;_>2 

g-k-to ^JjiLo JpLl=>l V?.' j*^ <J^i -(o^j^' 6-° ^^Ls)!l <£. j^u) 0-0 JULa 
'o^j^l aUs- 1 la^LS-a Jajil) SSjL^i ^ La Jl (v>_>^;) LS^ eAj^' 

.(^aUlj (J iiomiI I (>a ^ _£jba 
<Gc jljjLa VcoJ <(_yiji!l 4jjjLiLa jic i_Sj»lSJ.I ic j^u jljjLa ^jjSi Vg (^L^ Ijl 
i 4 1 o '< i— sl ■» it-iL l/\-j£ (j^aj^ll ^jC fcdJU (j,,^-! (_jl) 4->Lgj ^ La J| IjjJLj (jjij LaOic- 

:<j! (5-45) iljUil jl^ .(J? o^jSlI >>2 

1 o 777 In , _ . _ x 

-mv| - GM e — = -mvi. (5-47) 
^1) olMI <^ cr 0 - 4 ^ ^ j 1 ^' ^ = ^/2GM e /R = ^]2gR <j\ s^l v oo = 0 

J La ^LLua j-ai 4^ j^j ^ V 0 Cxiz* '.V e = \[2v 0 <jl Ji^^ .^jS!! (j-a (^j^JI 
(LjJ^ ^t^jJLjJI (J-iziilJl jJajl) (_>^j*^l .j-k^-S ' Q ' ^ C^^^"- 1 6jJa^ i Q ■ a jLtu-a 

v Lkj pLAiJI fLak ,_a ,nj iSU^I .v e = 25000 mi/hrj v 0 = 18000 mi/hr 

i ° i o » jl «(2jL^-a jjl iJjjlaJI i_S-u3jii <jLi (j A fl -> li I (j^aj^ll jljjs al*JI JLiiJI 
(_5jLuj (jALLlLI (j^sjSlI jldxi (j ^Jjlflll 4^_^. SJaLk ^ iaiiL^j "i! La JjiJ-k^' 
.(jJsjSlI iijjLa. ^AjLj {yt LiK ixijNLlI S^j^sJI iSLk . 4i^'i 



oJ „^-> II iSLk a.Jflan JL\.jlj .JjLJ.1 J~^j La jJSj fLjAiil <j„U(3 n"ll 2_Li.jJ.I 

2_SLk» a.,^-fll cA>*^ l ^ jjl ^ j l l <j j_>S^ ^! (jLi <dJj .^Sl^JI j 4->Jv^ 6^; 

<_JLkJI .^li-a^l jjJLl iSLUJI taAa Ijjjs a I J-C i .M Ull «^ . j «,lgj=JI 

(j 2 U j j ^ ^ (jj^J 2 .< .'.!< .1 I dal Ull ^| Lafilj j^jjj ^1 

.(dK"~>^!l S^2 Lcjj-i L&jj^I) ikiLwa 

Lajlj jJjj ^ LaSiZ- 2-SLkJI l^a->.j iSLkJI J-£ .UJm"llj Aj^jjJI lj-4 (j l-M 'till La 

i_i I Lajj j3) i_sl£ Jj iiii'i pL^SlI Jl LijJaj lj| <jL^^!I m .£^1 IojII (jl 

.UjIj Ikja^ n 2_sLUI ^1 
(jj'C mil Jl iiLgjJI (j J-uajJ ijjail iA'ih j^ jJjij ^1"-^ <(Jtii1 J^-"> J- 2 - ' jy^l 

^ 2jLk <J ^ aJ SjLaJI jj 2.SLL ^JLSil <^l£ Ijl-uJI j .dK'Vdl ^ m 

J-t pLijj iiiLg-iJIj ijl.uJI (j Ig nifl'l jyk cJLfliJ 4J3QIJI djjjUJI Jfra. iSLk 

IjSl^JI a^y.Kai ajUJIj .iJijia^ (Ulia> L£) i^KJ.1 43LUI {jjZl 1 dJj 
.dliia^l <J^j ^jJI JiAJI <r ^jL^ IjSljldl 2^KJ.| 2JL1JI LA* LL^k* 
(j Sjjii! v2jllijj=JI (^1 (_5_>j ^Ji^ui SjoS j4^-oj i_JLLll L> taa 4 Ijl <35ll 

*SI Q .4_i^lj Mir, d 0 < j U < L^jIjjI ^-izal^a-o l!^^ - J-*-6^ ^"^1^9 i^-^Ltu Cj "' ) I cjJLHJI 
£y> "iilS ^JLflJJ ijjLgAJI 3JUJI (j ^jJJ^aJi jljla>^!l (2,! <-&J-<» idJj 

cJLSJI (ji la - 1( ^Lj<JI c g J " ,nt,l Jxj .4jS|j1jN!I 2JLJI (j (^liJaJI jljlai^l 
olljj^ ^Ijljlail jljj^ * JILL .4j^|j1jN!I 2JUJI j <lo ^LlS lij iUiL^lJI 4lJUv j 

JS_1 liS Lijl Sj-iAlil ^ La — g ■ a i j iLgjic cjJLSJI ^l->" ^ ° '*"* SjjLaill 
jljliSil Jijli (j «3_ijjjj ^Cll 4^^^. iiLla (^j-a <Ll^ dLlaij i4^__^i. iSLla jJ-g-o 

Jl I-^Si ^_>j LIjLs j niNl^-ll L^jjKjII (j «3£j^J! 3iLk» (jc vba^lj Lojic 
(<G*smj <_JLEJI iKUVjM !(1/2)MV 2 ^!) ..JLL1J i^^LI 2^^JI 2_sU= 

5iLk Ujjjlj (j Uji.1 La Ijlj .«4jjjII j^Ll) 3ja-^ II S^j^JI 4iLk jjI ^yilflj 

j (5j*oill + <_JLSJI) r Lkli) i;K)| a^y.KjH isLUJI J LuLi i^Jl 3^^J| 

3juji j (sa^i + oJiiii) r Uiiij sjui a^ .-.K .n <slui s^l^ji <juji 



iaLkJIj J; All 



3JaLk J! v^J^^j cJLSJI L&jSaj ^1 U 31 _>=JI 3JaLk < jLuaIi.L .SjjIjI^I 

3_ijj5Lujjj£L!.I jJalll (j-a .Sj-uaiU (jj i_JLSJI (j Sjigll vlillij^iJ SjMj 31_>^ 

jJilll ig^j ^ (^Uj ,jia' J 3iLkU (^i^j <31wmnHJI K^Kj^U (iuLaJI) 
.J2l Sjjj-o 3iLl= Jl i=Lfli iSLkJI (jAaj '(^j4^0 ^ffj^-^sj^f^' 

3jjLk Sjj^^AlL Q mm I «3jflAi II)) SjjLkJI ^1 3Ji^.NLa (jJl-iij <3_<!u2LLall ^Loilxul 
4jalk J-uaj Lajjc iJHU J-iJ-tu J-C 3JaU=> (jjlj <jl Liiul (j^-aj I Vs i3_l_>a. 

31_>a. 3jaLk I SjaLk J£ Jj^""' ^ '(j,.' ^J-1L2 (j (jj*? nill (j^aLuaj 

_/ it" < (_jjJI vIjIjj^^' 1 ""j" J-C- J-n" ■»" 2 .1^. I \ >/j ^ 3jaLi=> <J 1 ■ iaa II ° i^Ji^y^. jljljSil 
SiLk J| lij^ iflikJI 31_>a. 3iLk JjVmj ,cJLflJI j (j^LuajJI iflik J^J Jic 

1 ■ ioa II 3_ili.lj 1 J a SjaLk Jl Lj^J '[AO? - 
jl Laj gjLi- J-Sj Uafilj 3JaiLa_a (b I -j"" Sijjill) SjaLkJI ^1 35 <fl~> J^. ii&j-JI 

CjLs-S^j I £^lj ' (J-£ X ) laj mj 4_ij^jj_ijJ1 K nK ^ L La H ull * a 

_y5>I^J=JI bjjSi £ys JjJjlII J^iSjJI i Q i fi^l lj t (_g j (j II (_gj" nil I J^ 6i,^ ' La J^ Jjsjjij *i! 
llilj .iujjj^l H^H^I (> lljj^ . 4mA" ^1 (^Ul) ^IjUl o JJal; 
(isjLuali.1 ji2 j J->ill) ^j's .njj^U.1 Liijj-*J jLk| (j 4jl J-C iijllJI SjjiU a£jj 
.SJaiU^o j\ (jjij (jl La jiUaj iSLkJ (j^-cu <3JsLkll 

Aj jil j± 3 du jl\ CiLajUaUl (o) 

5JL-JI ajjSi (j .LLa (jLajl ifi'n (jL\ ma. 4_lS j-ualL (_ja1I jijLuajJI I j m°Lj ^1 ^-^> 

Llcj <<LuaLi. Sjj i <l lj .<iJj^."ll 4_i_a£ i-iO-i. Ijjja ^l„\->" oiLl 4_uLpJI itj^uJI 
lj| -ijl^JI (j l^L"i m 2 4"l"< pjmA. j-a jOl uajj 1?l <Gc j^jj Till 4"l"< Uj.tiA. 

(jjilj V = (mi/mi + m 2 )vi <3jil I^LjAJ! 3^ ^l ^Li .LLa ^La^JI j^alll 

:,yk iuLjiJI 31 _>-JI 3iLk 

J (mi + m 2 ) V 2 = | - - . (5-48) 

2 2(mi + m 2 ) 

(^£-1 <ULi l {\l2)m\v\ c^\<. 3jjIj1i^I 31 _>-JI 3iLk Lajj 

K - E -^ al = mi (5 _49) 
K.E. init iai mi + m 2 



j3 iiiuaSl! 3£ ^^Jl iSLk . o^j UjLi mi = m.2 Ijl «dJj J-c JUjj 

4 5 1 5 .(j^-ojLualil ij\jn m~. il SjlUj IsLkj 4_ifu^a. 4^_>^. iSLia Jl v^J^aJj 

ijjLix. 4^_>^. iSUa J-ij " I Lo 4-iJI (3*" (jLfl-uajJj ij-u^ igaJl (jl 

IsUo Jl (S^j^jj^L) 

Jl aU <5J$!l 

4^JI 32U* Ijl 

jOLuoill .Uj-a LajLuaj (_s-o-<^ jijLualll <4jj|jl^>!l 4^_>aJI iSLkJ ijjLuxi 3jjL$ill 

(LsLjJa idLiii . ( ijj^jX I j^lj) LoLoJ Qjjs (jj^- 1 ^° ' I ' o 1 1 (j-o (3-ijLtulo (j-Gj^ 

iuL^ill 5£ _^Jl isLk ^l (^i^j <jlitl Jiiui j_c iiij^Ll ^jjJ 

^LLualL ^LojLoIil ^Io.m-^II ^\<. ji Jl^ ,4jjIj1^I 3£ _^JI £sli= *£iis Jsl 

5jjj£. 4_ijL^j C^La* (LUllaLj <jl 13^° Lo^) ^^V^-* tjjl o i ni-^ ^jLzajj Lajlc^ 

^-lAA (Jr\_l (j^S 4_jl ^QjisjJ jjfl LuJI ^J-Q J j 1 1 <X0^ tAa-^. IjiO d Q d \*\ ^ ^ 

SJUI d^UI 2uu& ^ P iu* iP 2 /2M ^ji; ijil^l S^^JI ait 6 Li ^LjL^Lc 
(V,j£j iiKJI dj^sJlJI ij-o^ (jLi lii^jLk. ,^1 ^j-a Lllli- ^Lkill Ijl^ 

i^jij i«4jj__jj3 j^k)) Sjj-ua Jl <iJ j ^."11 4_i_a£ Jj^j^Jj (j^-°-> <iSUaJI i_S^Li_ij .4jksLa-o 
<jj j ^ SjjJC v^Ijj^^?- <j*^ 4_lsLu3 <iJ__>^J 4 \n < s (_^l ^^Ij mh II ^jj^aJI jljjjSi^l J^ja-i 
4jj|_jjii£. ic j~ju dllai Ijl .j^-T SsUJil (j dj^sJH I (j \\ n ^ji-lj iLo SsUjll (j 

^jl < mjjl icj^uj d j ^ " < i_ Sj-tu 4_La^Li ^ aia II ^jLs <jljjj5i*i!l J-C 4j^I_/Lo t mjl icj^o)) 



iiLkJIj Ji mil 

,»lj^"lt A \ c& ^j^l ^1 Lij^-G_i^ t4_i^-o I (j K '*lj^~ II 4_i^ (j^^j (illdJJ i& Jft 

• > • • — > • — > 

V\f V 2 f 



.UoLgj (jJ -0 f ^ 1 <j 4_ijL^_11! 4jLaJl LoLoj JJj=*-i <Jjj=kjJI La ° — ^jl LajIj 

Ua~> (jisjiLjj .(V2/J Vi/ LnflJ" '"'<) iijLgjJ! 3JUJI (j ^tjljfl-i n (j I \c.j^u ' ' . ,\f 
>2al Ull I U 0^ I .X.I . .IU". Lj^ Ijl .^Ij^-- II J_c l,Sa.!j Ua _^0u dj^lll 3-ui£ 

2 Al fl'.ll 3JLJ! JJaJj £j SJjLjl-o llijj 

' ■ 'I laj ) ,'lj^"H A lAn-^ 

m\Vu = mivif + m.2V2f (5-50) 

• ■ I U" , dal Ull Ufi-^j 

^m^! 2 ; = A ^m x v\ s + \^m 2 v\ f . (5-51) 
vi/ jUvj)! (5-50) iJjUil 

Vi/ = vii v 2 f (5-52) 

:a^J^\ iljbd! J,^V, (5-51) Iljbdi j (5-52) IbLjdL ^^ULj 

1 ? 1 T 7 ? r,^2 lip , 

-m!< = -mi |< + —vij - 2—vuv 2 f\ + ^m 2 v' 2f (5-53) 



:Sjjj^iJ! J^. itaL*ll isjjsi 3jLj^ SjLc! j^aJI J^iL .f2/ Jj(j? tl jLi-j)! 



0 = v 2 / 



(l + V2f ~ 2v u ] (5-54) 



mi , 

C^j^i yALjJe^ 1 csJ^ 1 ^ - y 2f = 2vii/(l + m 2 /mi)j V2/ = 0 W^i^j 
lla> .fi/ = fii ^\ ll^ ( _ J l>a (5-52) IbUll ^Li v 2 / = 0 jl£ lj| s^jjaJI 

LnQ iVjui (J^J-Ij LoXts (j-w < ma II ^1^-1 Liifi LgjJ I ^LiCj^uJI (jj^J <<J-S (_gjJI <JaJI 

Ij (jji-i liiLij-ii 4j£J id_>^Jlll <J-o^J iisLLJI lAfl-> ^^jjia^j ^^iu ((j^jjjljjj^l 

ra 2 J^Li. J mi 3I"<II {jLu c^wmA II ^ jjfc dLlA <35Lj jJ Ijl J^li 

:^ >S!I J=JI 

v 2 / = ^ — —, (5-55) 

J l + m 2 /m 1 

:<Jjbdl J ((5-52) iJjbdl f hV,„,L) 

1 -m 2 /m 1 

V\f = V\i~ ; (5-56) 

J l + m 2 /mi 

.lljLjji 3-a4il ^ 

^ill <4£.^jlo ijj^ ,j (5-56)j (5-55) d^jbill i il^jU" ,uall ^ 

t^-a-i <Lij^ v2j*i!Li. i'ilj dJLlai .LjjLslSjj ll^"' ° 0 (jljcLu^JI vZijI^ Ijl Lo 

I d t-> I 111 t t I ^ ^ ^ Q 

gjjJ^ Sj£_i Sj^iiLxi > > U , ^" SJjLkJI (_>ujj Sj^) m 2 lm\ s> 1 ^1 jj^Jlsl (N) 

I '* j i i6l ^"Sll ,j I a \l , jIaSJ.1 ,j SjjIjjj^I I j"*- j*ju a," ic j^uj ( jlua lajL^ ^ 

(5-56)j (5-55) c>aJjL«II ^ Jiij L= <.V\f = -vuj v 2 f = 0 <J 

.m 2 /mi » 1 Lojic 
6^ Jl (5-56)j (5-55) ^LUjbdl ^jj^ jij^ :mi = m 2 J <>>il (V) 

eJajLo JaJI lla> .(l^Gcj^iJI ^jLjIj tl^ojniA II ^1 ^1 ifij = Oj V 2 f = V\i 
j^klo ^ jiijLualJI Jl jJilJLj <J j(3 au ^x^i (ji^JJ <(_yal_>3S!l j^Jj jJjLiJI 



Ija i(l/2)v u ^ <*j^u p.Lki ,_>iJ ^j^^ jLkl 

(l/2)Vij (jr* ij^l l3 N f-Sj II ol i^LaXa f.J i/Vill (j^J J^P 

JjLalJ.1 (j_>J.I ^jl i^'ll jj . — (l/2)vit (jr* SjIjjJI j V ^ H ^r-^ 
pj.nA II iuLgAJ! la -(l/2)vij <y* N f-5j p.""? H i^LjUl 3c jsJ! <jj£; 3 H 

j^^a 3c j^j) (l/2)Vij 1 CullJI J-ual _>JI 3iL lift iaa.jU .(l/2)Vif (jr* ^ f- 2 J 

.V2f = vnj V\f = 0 (jl gt"'<j4 iil>^ j^JI (LgjL* (>o J£ Jl (3I"<II 

.(3j£Lo 3JjLk S j£j S j^lIla ^jlaxoj gtlJ^ S j£) WI2/WI1 1 (jl (j^ajlsl (V) 
diljj ifi/ = fli (jLi lig-lj ; J^JI f II it J"-" (j "^-a^a l^-»J 1-1 < mm ^jLualll Ijj5> 

( _ >u ii iuujLu! s jj'^t 3Jj£J1 j£ ji (j^aS-j 3JLJI £>la> j .(5-56) 3JjL*ll £-a jlijl (j 

1 4ia-s II f> <m-s II <_> JLSj <3Jj5L1I j^j-a ^Lkj (j .fcm = Vli (jl (_jl ij;ifllll |> mi's II 3c j^u 
it'll icj^uj (jJ-na jl-i^- (j-o Jjj-i LaJj-a) Jjjj jij i — Vlj icj^uj J 1 a"i 1 1 ^ m^. II (j-o 

.(5-55) iljLstil p.* V2f = 2vn 3 a" .cjjUJI j^aljJI jJij (j* idJj J-t eLuj 

dlla> (jl£ Ijl .JjLuil J=J SjJja. 4-flJjJa (j-a Ll$xi LliLa. SJLLuJI SJuSliU Ji-uajJ 
(jilajil Jji»lll (jri^J La <GLi ,3-lLuJ.I j (m 2 /mi Jla) La JLaljL 

Si 

y dlL (jl^ lj^ .JLaljUl <ilJjJ i\n. i^aLL ^ J| 3 <mmIL 4jL^)!I jSjll laj-uuJI 

^ j| j| 5 

j) Qj^a. Lki.) Lki. iliL. (jjij (jl Lai 4jLi iSj^sUJI vl^UJI SsjjSj (j djLsLSjj Jil^J 

gLajbLoj _/tC uJjL*_fl^aJ (j^a^J ^al (?4_ijj^. ^)J^I La l^-al 

jjuJI rtjjbkl 4j jjj CiLojLuaj J d 1 1 in'ill iLCjuill (^ -0) 

(_JjJI (Y j^j) p 1 iii-s II (jj^-J *^! J-X-iJI (_jjLi.l (jj-a jpl if^" JiU "1 J-l^j Lljl (jJs^Lsl 

Jl t Jl Ll£ lj| njjjiaj jl 1 j^-ll *\ g- * taj .4jIojJI (j U^Lu <ji ^JagJI JLaj 

gjLij ~l l^j -I l'-'-< aj jUa)!l liiSs (j .iiljjJI (j L^Lo <Ui pjMiA II (j^alj A' La jLU 
Jl LjjjLclj A' jLk^l (j-a vljLc j^uJI Jl S"'il .[Sj _>il _^ia 4j jll -.I a 'I ualll] a .nail 
S jJaLUI villi j^A\ (jc . 4l"-s" A' (j vliLc j^JI (jSl (^jU. j-al (A <U^.n'l) J-uaSlI jLk^ll 

.((jjjLk^U 3jwn'<ll <£. j^lJl) ^yJl^?- llijLij A (j 



> > 



0 



:(f2 = 0 J (5-56)j (5-55) ,£»LLdl 

u ? - u-, = —, ■ 1 H = V\ - v 7 . (5-57) 

1 + m2/mi mi 

l^Ic j^uU ^Ij^ jiUjli -.j^) v' 2 - V [ = V2 - V\ J u' 2 - u[ = U2 - U\ J Laj (^il 

ui - u 2 = (v 2 - vi) . (5-58) 
<Ljj_jfLa_o - . I ^ - . , , ~. 1 1 d '■ 1 1 juJ! (jj^ ij» ill (_£jL=tl (j^>il » jlx^jJI <3 'Ij^-&5 

J « i Vi Sj-lJC- JjLu-o (j Sj-ii-o 2^ fcjjj, .jljS t| ,j j\ jjj v| I /) '.< Ij ( 6l 3>J^H (j 

2 U j n ^ ^ 4^ jaJI 3JaU=> vljjl^ Ijl JjljJI 3-ijl^.l Ci\ ajl lqj 

JjuJI ^yjl-ij (3j-o loj (j 2 jSlfrjJI 2JLJI ( JjljJI <Lol^.l ii _>il oLajLualll tjn'sr. J_c 

SJLaJI (j 2J j/j ^ dLlA .'Ij^'ll ixa^j iSLkJI laAa Jj-ijia ij^ ° ■'■'-■*' 

laAa. .(LcuS>La>Lji!j j^A\ jba n jl 1V2 /j / (>l£ j-uill yj X jl""^ jll) 2 .".I j'.ll 

ililQ Ua j^ii (J^sj-SLj iSLkJI l^a->.j t^fJajj, (j^ijiLJ dj^lll 3 j rK I 3/ j X (Ijjj^jII 



iiLkJIj Ji mil 

Luj^ Ijl iJLHI J-iJ-tu J^. 2 iSLgjJ) 2JLJI (j j» JLaljLi j^-jj <ilJj J-c- *LL>j 

SjLlj) <LiLi^! CiLaalai.1 La .1?2/ £>Uvj!j jbS jbSn IJa ' <ULi isLjjl 

SjjIjIj^I 2JLJI (^l mi IjjjJ jijJJ jl ■. La ' ^jll! (SjjIjjj^I <£. j^jA\ (J a J a J-£ 

(^Ij SjIjjJI (j 3j£Lo CijL^ (jl (jAA&j Llcj ■ U. ,,,."11 SLaLaj SjjLgjJI 2JLJI 

N ajs j S _>£JI '(i-j)j (I) N °-° J*s m (j ula II _>2 LajSi (> a 'I Loll I £g a '"^ II 

0) (j LflJlaJj i_ Sj-tu Lia> ^^-flJS^all (^-a |J£ (j l.""'"! frill iftjJla II (j^-lj 'it j^uJI (jui'i L$J 
£-a ^-JuLla j-lc LojLuoj a jl ,^~" \ aJij Sj^JI (^-j) l§ LaJJJ '(^ tmaj ^vIiLxa a jl II 
t^j-Si.tfl'i ml i^lj uaJI (^)-a Jji. (_jl Jl JAa-j ^l i LoLaj 4jjljjj"i!l 2JL^JI i 4 i ^\aJj • Y aJjj 
,^0-0 J< m jJajl) fc> a °1 ,^ll JLaljL iajS C-LkcLl SjLc IjjSl alj .Y ajjj AiC. N aJjj 
° j - ■ ' aJ Ijl \ ^-^J J^^y* ' C a * ^-A^- 4 " ^ 3^s^° CJ" 0 4-^1 Mill ^Iclfl a ^a^3 

l7li il^OJ Vlf uLmi Uflll 4jl ~* (J I I [jjLsLlI ' OS ,\ aJjj Sj^-ll 

I a La lj| <Gl ^jji 2.1,1 ill 5 j<q|| .lia> i ■! ma II i 8JaJ IV><I ( a,JxaJI JLaljLj 

Jjk i (jjij (V aij Sjill ^jJajdl £-SjJI £>Ujjl (_jl) V2/ fcLaJll (^Ls t£g mial tl£jj£_ll 
Jja.l_aJI JjljJI (j .(>jj^JI (jjj-aijj 2 I ,j Y a^j j^j-a J| ^ a^j j^_>a ^ taa H 
.Lib Ij a irt (_5jLuu a,^ ifill _/LaljLl (2jI (_^l i2_iLa_>JI (j LaLu (j^jLl ^jLLt^LlI (jjij 




OTi > 



0) 



[mi ) >- 



b 



I 



(v) 

JiAll CjIjajj 5 jjiLII ("\) 

Jkj-^jS ^ (_gjjU '^1 ^LkjJI (j JiAll Sa^.j .(isLJ.!) x (SyaJI) oIj^-j <J JiAll 

J^J^JI 5jLc ^ n <n"j v JLa-^jjj ^ji (_) ■» mil Sj^a-j ijj^ ^UajJI (jj .(ft— lb) 

.1 joule = .738ft-lb ^ fejUJI j 8 -*.; (jl .j° u l e 

JjJl-a iJLjI! (.Lu-"* J-C- -J ■» mil <J J-^ C5^l Ji*il-J Pjll O^La. (j 

4jS*qj '^j^ o (^Lfl t^Li_to id II 4_i (JjJj (_£jJI JjjlLI (jjiiflj La diva I (jLucaj*. Sj^il 
.(jL^JI jjjSJLs iiijia S-iiaj SJlflJ J^JLJ (jl <J g-"l Ijl J* "ill (j-a S.^j£ <L-a£ pljl 
<_ta_l (^jjJI (<Lllaj Sas.j J^-l) iSLkJI <Lua£ ^yj^^^ ^1 I ioJ 2 .Uljll Jjjijj iJjILi 
3j j^iuJI SjjiLlLs jJ i 3^a tl U ■ jJajlj ■>! . I (jl£ Ijl .(_Laji_i (JlajJ ^LtxgJ.1 Lg-i Jjjj (jl 
.4 i M jjl (_gjLtuJ JjJL-oj 'SI ii m Jj-lJ (jl i La I jJ^ll (jLi . 4_ijLL_lII jl 
((j-ajJl) / ( JiAJl) olj^J Sj-lflJI (jjjLfljj iSjjUl ^ n uu Jjiiil Jt mil JdJL-a 
a, I (j SjjUl Sja-J .Cilo^JI (jnfl'l Lcl^J iSLkJIj Jj mil jSl i((j-ajJl) / (iSLkJl) jl 

S^as Sj^.j ij^-lj '>a.l f-^l I-S-1 Sj^jJI &jjs> .lft-lb/sec ^jLuj cgjjl^ ')il 

(jl Sj^2 i Luaj 4jj^2 l£_>£>-a jLi I ' j .550 ft-lb/seC (_gjl m"i J^».lj (jl iaa 

4_LxuLLa (JJJJJJ (J 1 ' Q ^ ^ .4_ijLj (J^-l ^Liaj — L^-iS YV^ (Jjjuaj *bLi_tu (JjJj (jl * ) laj m i 
J\ 11 ft/SeC JdJLxu YO (jjj jJ^J d_>^J.I jA^'lml ^_<U"< m'l J^iJI J^a£ J[ 



^ SjaU! Sja.j ujij c^Ji-l-l ^.UaiJI j ■Ij'sft^ iS. 5 ft/sec Jj-x-oj "il=> j °* (jjj 
0.738 ft-lb/sec ^jLuj ja.l_aJI ial^JI <j! L^j .Jalj \ <_y*-"Hs .iiilS/j^a. da.lj 

(jl Lojj .Jalj^aL^ *,V£"\ = .klj V £ "\ = .l=.lj ^1 SjjS ("jl <ilJj ^ gliji 

Lfral,^* .til <j^-oJ 4£.Lu ialjjK<ll (jU < (<>oj) / (iSLk) Cil^j L14J jaljjlj<llj 1=1 ^Jl 

lkwh= (1000 joules/sec) x (3600 sec) = 3.6 xlO 6 joules = isLkU S^j£ 
ojlji* <J 'iLLa LAJj^ j ,'Hfl-,„H jijj ^ill ^Lu -U^aLSD!) .2.66 x 10 6 ft-lb 

^ylii ii2ljll gla-u) Jl (_><ajS!l ik_u,j*Lo SjL-ui £_SjJ 4-oj^Lll iSLkJI ^jjSi ilUxu \ o 

(.Cm mi 

Si t 

^jijJLli jt Mill .4_iMj_i_l! olj t Mill cjio^-^j 3_BLL=J I ( j-o e-ljJtJi ^j"^ 0 (j^LH-i 
^Sljill (c5j^JKJI) >uJI .3085.96003 ft-lbs ^ ^jL^ j^l^JI 

4-ojNLll Sjl_>aJI <Ux£ j& ^j^aJlfUlj .^j^aJlfi <J-alc- Sja.J N ♦ ♦ ♦ (SJ^i 
U mij"Lo j^jj^I J__>iJI I'llfl" mi 1 .4-i^jfi-o Sj^-lj jljiLoj fill (j^a -1^-lj ^L>?" ^jL^ 

isLkU 4^Nl a "w„l J-AJl-oj ■( ■ aJlk3 cljJ^Ul) ajJI j C^J^l^ V - • • Jl^a. j^jJI 

£>Ia (J^, <> jLij .(3000x4184) joules/ (24 x 3600 sec) = 145 watts jjjj 

., i ma I I I (j S I t-i j Sjl_>^. Sjj-ua (j L^l J (j taj j "Sj^J-l?^' Ci LjlaAj l 

jO Vi mi* (^1 ijJL«JI iSLkJI . ^jll^j I o a rjj j^l ciL«-oU-il jaj^U.1 <3j5Lj Luj lig-lj 

.4-oLxJI CiLcLoI^I (_yilA* (j SjljaJJ jdi^oS iJiLkJ! 

Jj_s_o_i ^ d Aa^ \ a CjLcLijjl ^J-C-) J*J n "i 1 1 ^ i U" ... . 4 1*1 ill a *l "■ [Jl la II J*J mj q 

Jjj-i (_$jJI Jj-»ll (*;Ls <60kg 4lK cijl^ lj| .ciLc-Lu «. iri il icLu J£ ^Ij Ji-o V* • 

j J ta ■ (*;l (3-o JJaljllI ifra II iSLk (j SjLij£ j j ta I (_gjJI Ji Mill (_jl) lj-ii-o 'SI it mi <j 

(60kg) x (9.8m/s 2 ) x (300m)/3600sec = ^jL^ ( f ^ II l^SlLi Sjl^ 
(jLmil i j 3 a a [^iKj Jalj "V * U.I y^n ^Li lj<ftj .49 watts = 0.066 hp 

l^oji^j (jl (j-i 1 iriLi^JI (jAjlj ^ i ,., «^ .SjLjjlLI ^.IjjJI CjL^Ltu [Jlj) la a "-^ II ^jaoa 
^ <Jliil Jx^ j-t) l!L S^ri-i^S iiloj Sjl J^-Ij ("jLua^. SjaS JdJL-oj Ijji-o N|JL<ii 
jilaSl 4j^Lj Jjjlaj ^1 mil ciU».jj M uoj (^1 (j^-oj 'ikj ^A£ ^jj ^jJI ^jill Sj£ 

S__>i.j-o (J-C S_aii jijJI (_jj5> 4ul< ij^JJ i—i*^ I SjLLoll (JjJaJI .(iijlj J*S <j-tulj 

iijlj/ jilaSl N* ic j^jj 3£_>aJLo SjL-uj J^. *ilaj " SyL jjjJU .4^j^sJLo SjL-uj 

.-ii>.lj ("jLuaja. SjjS Jjjlaj Jj-<*u Jjj JjL*j 



.F-Af/At = F-v (jjLui Jj oJI Jjjujj F- Af ^jLuj S^SJI <Jail ^all Ji mil ^Li 
^ F Ijlj <m 4"l"< pwnf. (jc S jLic SySJI <uk. o jj! (^all p 'M-> II lj| 
F IfloIWi ^1 iiKJI SjaUlj, F = mdv/dt ^Li II J-t SjSjJ.1 ijKII S^SJI 

.m(dv/dt) ■ v = d/dt((l/2)mv 2 ) ^ 

(j 4-» '<\a-Qj iX jj^ I I JjU, d j^"- 2 kg 4~l~< a ■ ...1 (~ l uiL II SjjS) *\-0 JLiLe 

V „,-J .^l^iJLi tj jLL^L x ix = At + At 2 - t 3 iljbdL t (>jJI 

X = 2j t = 1 ale f>j ma II ^kt'i ^jlJI Ill SjjUl 

dv/dt = (8-6t)i iL^JIj v = (dx/dt) i = i(A+8t-3t 2 ) ^ <^JI 
V*\ c^jL^ iik^JJI S jaS.ll J a=J t = 2jt = laic m(dv/dt) ■ v jLj^ 
S5UI ^1 3SjS-> ^ gtljj t = 2 ale ijJLuJI iaAflJI .t = 2 aIc -\l j t = 1 ale Jalj 

.(^Lu^LsLla (^LsiLaJll La^J 3 1^^. Ill <iit ale 3e j^JIj 



aSQaJI Wa~> 3 Ji^JI JSLuw (V) 

?Lg_i^i a*-> Sjiil 4jfLa_a ie^^jj j_^^al La .liball icj^uJ 4^ j a J n Sj^ uj^ij '^racket 

Lo£ j^ji h ^lijjl ale M <G l"< a\j J-e m d " ^ -^~ 0 ^IL" 1 ^ 

ale a\jJI 3e jlaS-a ^1 i>_> .4_i£K"~J "i! t-, ni^ll . N "V- o JfcJu ^ j-o ^ 

:3JjL*iLi (jlaju -^^ i_JLSJI j^Lkl jl 



2m 2 qhcos 2 9 

f r\- ( 5 " 59 ) 

(M + m) ( M + m sin z 0 j 

[.til _>^IJ! 4jl&J iSLkll l^a^ la^a JaJI j j».aaJ Mil] 



J^a jLuill J^j ,JU (> (80.0 kg 4lK) JL=JL jiLi .X-o ilLuXI 

JjJaJI .jiLflJI Sa»J -K^jj-o ji.S!l ^JjJaJlj i j^iaJL Ja^JJj-o II (jjJa a^.1 .itfUl 



iiLkJIj Ji mil 




jbJUul S_j2 Jjjj 4jU 50.0 + x J! aloj Laaic-j <50.0m II 

.k = 200N/m oj^ tr°-"^ ^° kx L&jLiLa 

Sic j^u — o2l jiLflJI jjjj jua II Jfl ml Jju J-c (I) 

.it ^«^fll I ' "-^ I 

jua II ^sl 511 — all i ....^l 

ij^LS vZjjLj ^Li id_jjS> (^^jLflJ «^.JnA, ' (_gjJI II J^jla CiicLi Ijl . £-0 dJLiatl 

jj^LS Cj-iLj K (jl^ Ijl <(lj-& 4_ua^o£ ^jj^S!I_5 .Y (J-oLx-oj ^ a 5 * (fc) 

_L laj la a 1 1 _/tc ^1^1^ J.'^ I (j^jLS O-iij (Sila.^Jl d 1^ la (jAa I 

L Uj U ^ 1 1 d^A (j^jjLs > Nl a laJj •■*■ Jl jiU Ijl .fc = X/£ 

J^r*-*-! Jjij j^^l (jl ^-^^ (uJjJjlj Ja^j^-o ^*"^l d^-laJI^ jma II ) Ja^j__j-o 4_i£^ia J^l^ 
t^/s n i |U (j-aj 1"^ ■ iijliLo <io^-o J*-- II <dj£ ^1 (_^a Jlil) .L J^. Jn'm J*-- II (J 

.(llK I^JUaI 

jLU (j 3£ _^=JI iSUaj d ^"^J a s\ i^aljl |j| 4^1 ^jjM .0-0 ilLuill 

<j| taa.*j) .A' ~l laj (_jl (j dl^aJjJl 3j-a^J SJaUaJI taAa ■ Liul <A 

^la^alj (jjjLS Ijl <GLi <A jUal j o uuS L£ V A' jU=)!l J^l aug-.l ^ |j| 
(.i7' = i7 — V ^ Lc^jLuLiS ^ iS'ijiJI H ^ uJJ^)" <i 



-2I"<II (jjiij <J j~J a ' ma U j-o I ajl uoj a ' a.jl_uaj 13! 4j! """'I .*\-0 dJLulil 
gjlcLttl »""' [V II ^ti* »ll**» II (j-Gc juiJI jLfl <4_llj_lJI (j Lj^Luj i_SJ^JI a l up (j^J 

J-c Lcusilaa.1 

5 

J^ai a-cuT, • ^Lfljjl (> J^j. 0 . . a-.|-< ^JLS LLiiil > V-0 J< ,7ill j .V-0 ilLullI 
<G_slj^ I * "-Ij . a . ^ ^ ^] jO" mi" a ,^\l I a Ij I ^ \ I fl" 1"^ 4_u^La 
Ja.j! -a .^'.1 1 LaLoj (jj-o ^C. LajLuaj a.jl_uajj ujJLfl-1! (j! (j^s__>iLi .fc = 120N/1T1 

.iiJ J^-jj-U JaLi-iAj! ^^°l 



60 cm 



.V-o ijLj.1 :\V-o Jii 



(^ixsj 3j- „,'.ll I a^lc j^j .D 4il on I a^Lojjij M LcuS^ ^L^j^ .A-0 ilLtuXI 

, GM GM 
LRi - r \R? -r\ 



WA 



iaLkJIj Ji mil 

i_jjiJL ifcfUl ixuLxi csj^-I o^-jj ^ .fLAil! (j Ioj-xj oo^Ji 5JLJ.I &1& 

:{j-u£jLi\ ^a 

2 1 1 ^ TO 4jJj£ <— Sj jS n Jjlk) .Y |iJsj (3-o D/3 <il m a J» u l""j ^ jiJjj 

,LiJI 



\v<\ 



J 10 a II) JjJjj S^^a. I i mi q lj (jl JjJ-"* ^ Q * 0 J-°^ (jjJI 4_*f>LiuJI ^ySjIjiaJI (^j-o CjLi jjjJI 
iLiLj ilSL^ (Uljj ^-u,) ^1 .(5^1 illoSlI jJ .(V-0 Jlla ((>ll *UJI 

.dJj^-ij 4 la miI^j 1 42 mil (3-o 4qU n 4 l"*s I 4_i_tul_>JI ^LijjjJI tbj* * in Jjjj-i vliLijjjJ 
.(jLsUI jjj ^ Ifuflt'l jj£I ji-Tj Ot>S-" JJllil 3£_>^ ^ 'iilS jjLc.1 jjk.T JLlaj 
ljJ-«J La ifljjJaj <_al^ijJl j 4_> £-SJ Laliaj ^1 illaSlI SsigJ dJiALI JjsLjlJI 
LoaIcj .(^jill i_i 1" _/Lll ^ya-j 6J > »" ^l tajJI (J-c Sjjp.l (_£_jILl! (2jLs i<iilj £-aj 'iJJ-*^ 
<_uL^JI a I la a J 1 JljJLij Sji la n ic^^u <J (jjij (jjjJ-l '— ' J^-ll Jl j^l tajJI Jim 

■ IKlfrj toll's til fcUjj^l (j 6jl"-^J jj> <ijLg-iJI (j 4JI J^JLJ ^jJI 

aiaxuuJI ajASljjJI^jaJJ^LLol all) aJjUXIjd^Aj^Ls (\) 

oil 3£>^ 

# . ...... 9 

(Slio 1 _/\jj<j Lid .4 I-m ni 1 4_iILsljj 4^_>^. ^ouluI ^Ijj^l £_iis^o i ? ;=> -^ Lajlj Lgj&LaJilj 

jUjji^JL Lta^jj^a La j (jl^J .(jjilol ^-S-sl U 111 -1^-lj •!-*-> (j IS j j n \j\sn\-y 

.\-~\ J$Ju (j Lo£ JajU. (j (^>i.S!l 4jjL$jj 

.L + X 4ma ik^J jit djjjjiJ Jj«iJI J^aJlj 'I dj^ijU (jljj^l J^k (j^J 

(2jI (j^-aj Aja \ LiJ>?" *L^.j" a n vZjLslLo (jjii (^Ijj^l 4-lLi. (j 4j| (_y£5_/LflJ.I 

tjl null ^j^>-j S^Sj jj^-i <iJji-j^l' '*- l: ? , i ?- 0 % Cul^ 131^ .4-JLuj jl Lo| X (jjii 

(^^jjLS ^-^-> JIjJ-I dj^j^M .(ji_ajJI ^ya-j S_jSj <iJji-ij^ ^Li <jJLuj x 









J 



L + x 



:\-*\ JS-i 



SjjSh.^ 4j^JLo ixo laJj ml Ijl .X jljJLo ■ > JJ ) S^BJI jljJLo <jl (J-C ^j^*' ) (_£jJI td^ifc 
(J-C dj^j^M ^S- 1 J^^ 1 uH^' S^H-ll Cii^j ' laSl a II ' «J ■■ (_£jJ! 6l aJj^l ^a *' j\Ji-i i 

: jjSi d_jjs> (^^jLSJ ( _ s -oSlJI _/\j-*jJI (^Li iPi a i II 
F = -kx, (6-1) 
Ijl <u! j£p (6-1) iljLsdl (j <JLJI SjLi^l .dj^ijJI viuQ ^ a mj k iua. 

.((ji-a-iJl) jl ""II j ~- a jj S_jSJI ^Li i(ijJLjj) X 
aJaJUa (j^-J t4_3u_iiaJI l^jfc^. Q^jLi (JjuJ ((j-^3-iJ £/-il^ja gjn^Cc. (J-^) d^& (J^^ 
O^jijjJI £-J-°^=- Jla "' J it_sl£ jAflJ S^rt-i-i^s X £jl\£ Ijl d^jA <^Ls £JJJ ^Kj-GjJI 
X j\s&ja (jl ^fis ^ t_fii^_tu .1 J^-^ jJ-S-i Cx&* 1 Q *l ^1 CjJJ-oj Ijl d^^A (j^jLS jj^- 
id 2 X/dt 2 i a ■ ma II iLs^c ^1 ""^j .LLlLua d^jA (j^LS ^ ^ K i Loj ^iifl 

: J1 cs J ie tP^' ilA*P 6^ 

d 2 x 

m—Tr = -kx. (6-2) 
dt 2 

(jjSz* J\ S^IjIj^I S^dlj ijSljlj^l uij_>kJI Jl 3iLi>)!L> .(6-2) itabdl 

^ Ir.K a.* i^Lij .ixjLllI S^j^JI jiLj Jx. .\.\^* <(t = 0 jic dx/dtj x 



\ AY 



4kj mill JjiiljjJI SS^aJI 



djCLcLiS Jx ^/v" (aiiLisLflj <JjLju3ii ^.n") (6-2) itaL*ll ja^." x(t) 5Jb jL^jI 

.t = 0 jic dx/dt j x J LiJLo 

(^^LcliS Jl SiLi^L (6-2) itaL*i! ^1 ^^o^il -(uH^-^Ljj ^b^" "'0 ^"^ J^-° 

J^. J-taJ) tjj£ a ■ <%(t) «Xs '■ Jx 'k'i tdx I dtj X J [ >" 1 la a (>1jjIjIjI 

(jj^sjlll Jjfl mi* J^.1 Jji^jj ilj^- 3 a j a U iiloj SjLj e (^ill .Cjjc- (6-2) 3JjL»J.I 
!'■'■< ^li^^la-o v(0)j x(0) <j| cx^-j .d 2 x/dt 2 Jl aj dx/dt J[ _^Jnl v 
'.v(e) = v(0) + a(0)£j x(e) = x(0) + v(0)e a.bVwnL v(e)j x(e) v Lu^ 
v(e)j x(e) ^P-cliS ^Sll jJjii .x(0) 3i jjlxu a(0) ixLiS (6-2) ibLtU 1 1> U »* 
a(2e)j f(2£)j x(2e) ma. ^Sll g-tlaj-ou .a(£) ((6-2) 3JjL«II a.1,,^" >nL)j 
J «jU- ,„•. idJjjj ;v(2£) = v(e) + a(£)£j x(2e) = x(e) + v(e)e >l ^" mb 

4 .1 n~ 4jjl_i_o J~. I clj_=>.'^l IjjSi ^1 < " .ill (^S-o-i d fl ti la 4 i 'i a J CjIjLi^j a 
Laajc ^jla. Qj-i^ (ijjLj 3 a" mi n Ljj J-cSlI 3a" mil 3JjLjl-o) iijLill 3^.jjJI 



JaISUIj Ji^LiUI oLuia fhVmib JaJI (Y) 

I fl" igfllxaj fl.ja j mi <4 a I" -> n J}-^ <UojjiIjj SjjLu^sLjJI SJLtuil Ja. (jiju 

:Sj^uaJI Jx. (6-2) iljLstil 3jK .uxi 



tt 2 x 



= -co 2 x, (6-3) 



Jj-kJI <_£.la.l («La '"jl" ^^-aLuaJI ^yjlj^jJI ^Jj^JI Co) CO = ^k/m 

(6-3) ajjbdi j^j i 

jSjli Lljl JjLuJI (jiiLalll J Li_>4i=l .(6-3) 3JjL«II ^jS-tj ££_aiJiJ! ^1 il&^j oj 

LU 4.wiulU is^jjLa ijjjjla illj Umi<! .t <>ajJI (j ijjjjj-a illj X <3j£j (jl 

UjjJ <d/dt(cost) = -sintj d/dt(sint) = cost $j .smt ^ 

^jj^j .(6-3) <JjL«II 11>^5j ja^'i sint $ dJjjj id 2 /dt 2 (sint) = -sint 

.Sin COt illjl *_U>?JS Jjjia (jc ou dJj £LiA .CO Jx,LjJ.I Jl 



UjJ ojifi id/ dt (cos cot) = -cosin(cot)j £t/dt(sincot) = cocoscot ^1 
33^" x(t) = sincot ilUI $ jlzJi JWLij id 2 /dt 2 (sincot) = -co 2 sincot 
li&j .(6-3) 3JjL«II LkJ JjLaJJ x(t) = cos cot $ JitL ^ .(6-3) iljbdl 
j-a sin cot J ^LiaJI jJI LlLe^ ^ cos cot J (jjLuJI ^jJI <jSl llj_>c 
J! J^Li ijLgJ! j .cos cot = sin co(t + tt/2co) ^1 i^jJI j^J. J-uaSl! ikli 

:i)IJI 

x (t) = A sincot + B cos cot (6-4) 
.jax.S!l ijil^l ij 'Lgjlj '(6-3) ibbill Ji^i 

^LjSII dx/dt ji.h ^Ij xo ixLiUI x ji.b J jj_>j Lljl <_>AasI .t = 0 aIc LiJLu 

^ (6-4) iJjUi! j t = 0 Ja^j .(d _>^n Ls>L£ ^ a^jJi!! ^1,.^" mb» 5£ _^J! 

:J^. Jin-.'i <(>=jiJ 3 wti'ilL (6-4) iljLsii! J^lilij .2? = Xo 

£ix 

-— - = coA cos cot - wB sincot. (6-5) 
at 

(A = Vol 00 j B = Xq Loj5> id Ji\ ^sjji^JJ ^"yiLill -Bj A lXeu2 dJjjj 

V 0 

x (t) = — sincot + x 0 cos cot. (6-6) 

CO 

cul£ Ijlj .sincot x(t) ^Li <Xo = 0 lj| <u! Jia^ 

oLjjjJJ lHASlla J Jj>iJL !.ia> lljlj) cos cot c-u^lin (jU 1V0 = 0 

.^k'm'i LjJj U .Vo^Oj Xo^O lj| ( _ J la. •(( Y '- 0 J^°) Jj-^ S^JLuaJ! 

j! ga II is ^ illjS" X(t) jLgJa! '^jJI J^jaJ.1 J-C J-u=^l ikill Sj^llo ^'jL? 

:S jj.^ll J-t (6-4) ibL*ll '< lla> JjS^'l .^LalJI 



x (t) = VA 2 +.B 2 [ v ^A_ sincot + ^J—^ cos cot] , (6-7) 



\A1 



4kj mill JjiiljjJI SS^aJI 



— tt < 5 < tt ^jil j 5 Saj_>i ijjlj A 



COS 



cos5 = 7WTW' (6_8) 



sin<5=^==. (6-9) 

VA 2 + B 2 

2 5 + ipL^LJI i^U=Iil ^ ^|-5„r, n (6-9)j (6-8) £*HjUil j,t Ji^ 
:<ul sin 5 j cos 5 ^ JU ^LiJI ^^Jl <>a .sin 2 (5 = 1 

.0 < 5 < tt/2 (jU £ > 0j .A > 0 Ijl 
.tt/2 < 5 < tt ^Li JS < 0j .A > 0 <jK Ijl 
.-tt/2 < 5 < 0 (jLi £ > Oj .A < 0 Ijl 
.-tt < 5 < -tt/2 (jLi £ < Oj <A < 0 Ijl 

:S JJH ^I J-t (6-7) iJjbdl ijL£ Lui^ (6-9)j (6-8) ,£»bLdl f l,^ w „L 

x (t) = VA 2 + _B 2 [sin cot sin 5 + cos cot cos 5] 

= VA 2 + B 2 cos (cot - 5) , (6-10) 
x (t) = VA 2 + 5 2 cosco (t - ^) ■ 

{y, J^ 3 ^ .COS COt' £_a 4j-mljla j^j^j X ^Li tt' = t — 5/CO UU->. Ij|j 

f ' = 0 o\ d jl^j jj*A\ Jx. JuaSlI ikSi 4>^3 ^Lij t' Jl t 

1 3" ^ ■ ° jic- x(t) Lojjc ^jJI Lgjl 5/co <Uajs>l (j| .t = 5/co jic 

idJjjj i(t = 5/co +1 4Ixli2 ^ji; (6-10) iljUil j ^LdJI l _x>a. 

t<Li^.ji\ { ^cJaJki\ I (j" n < 5 ale X Lg-li (jj^J <_jjJI 4 Ill (jja LiuiS Ijl Lijl 

3JjL»_U j! (6-7) iljUil gjislj .^LalJI uja. (j 3i^> 3Jb ^jil 3^lj)!l ^Li 

ix(t + 2TT/CO) = X(t) (J <T = 2TT/CO ^jjjl L^laj ijjjj illj x(t) (j! (6-10) 
jjc Lijl (j^-lj <5/CO Ale- Jaii (JJJaJ lii^jil ^jjsJajJI I (j" < X jfl^'t (iiljjj 




II iiiil^jiJI i^JI "KjljJ ■ ua Hj ^UlJI - :Y-"\ J5LA 



^ (jj Jill) iulU! j oLjjjJ! jjc .lj<ftj <<5/co ± 4tt/co *5/co ± 2tt/co iLajSlI 
.^jljJI jjjlll n .J co J iJLJ Ji^Li ./ = 1/T = w/2tt 
dx/dtj x = 0 Lsi^c ^1 Il l (^ojjl I wm5 Ijl Lu! ^SH g. ^3 ^a! ^! 

jjLi ^(J^-ojJI ^=»-J lS^=JLa <4_j|^j| £_l^_9-oj ~ * ...^ II I A jjoj ^jJI d III ^l) 4_i^jja 

cosx = sin(x + tt/2) j\ Ji^Li dij ii&j-J II j is^s SJIj ^jil <M3)" 

iSj^jj^JI in'il (6-10) iljL«ll 3jLj$ aj-»jj 

x (t) = VA 2 + E 2 sinco (V- 5 ~^ /2 ) ■ (6-1D 



dx/dt > 0j x = 0 ^1 dJjjj 
5-TT/2 5-TT/2 , 2tt 

(6-12) 



to CO CO 

5 -tt/2 4tt 



CO CO 



-, and so forth. 



4kj mill JjiiljjJI SS^aJI 



x max = yj(^) 2 + x 2 o- (6 " 13) 

.J *,N • • JLo \ djOjJl ^Ijj! J^k J£-<i jJ^I) Jlle 

J^UJI (> 0.800 m jju Jx t = 0 ii&JI (jji; .fc = 4.00 N/m dj^jjl c^Li 
.v^LijjU co ^jljJI jjJUI (1) o .jl null 0.700m/s L&jbiLa LJj 

JajLaJI (^-0 4-al am J2lj — <aSl (j) .iijjjjl 4 ■» m (g) .vZjLijjjiJ (_JjjjJI ij-o>l' ("->) 
JajUJI J| (j£-0J Lo 2I"<II fc^ic. (jjij (_5jJI (j-ojJI (-&) 3I*<II I j .U J.-^" 

Sjjs JjSl ifcil! SsAlc. ujij (_gjJI (j-ojJI (j) -((j-oj-ll 1^ 4j£xus <Lcli2 jJLua! i_i .n~j) 

.jLujJI ^jaJ 4^j^sJLo iJajUJ! ^ 1.10m SiLuxi Jx 

r = 2tt/co = c^jjJI <>aj>JI .to = sjklm. = 6.33 s -1 ^jljJI jjJUI .JsJI 
iisSJI $ ;x 0 = -0.200m j,l J&ad .(6-13) ibbdL, Slk** .0.993s 
^max = <iiljjj iLgjljj! j-^5>o jLuj Jx 0.200 m jic SjIaaJI <j cul^ 

^ j^ujj usjj <iL^ ^! .^(^oo/e.ss) 2 + (.200) 2 = .229m 

.1.0 - .229 = 0.771m ^ iiLu* jsl .1.00 + .229 = 1.23m 
sin<5 = ^Li JUJLj = -.200mj A = -.1107m(6-6) iljbd! <> li,J 
j 5 ijjljj! (jli <E < 0^ A < 0 (jl -(6-9) ibLdl <> -.483 

5/co = -0.4168 Sj 5 = -2.638 radians <^j£i dJjjj :-tt < 5 < -tt/2 

<<jLs-UI J .(c^l^ u& 3jmu <gS! i^o£ radians ^jjIJ! jj-iSIJ!) 

(6-10) iJjbd! <> li>J 

x (t) = .229cos [6.325 (t + .4167)] . (6-14) 

(j) iSjJLuJ! ^j-oJajJI I o" nj< jic X (^jij LaAlc JajLJ! J! i_j_>3! ifcfll! ujij 

j-l^^jj (j-aj-U <j^-o-o <xli3 j-Lua! Jx J.^\j iljiiSij 6.325(t + .4167) = tt,3tt,4tt 
.t = tt/6.325 - .4167 = 0.080s J ^ <^l?j -tt c^jL^ ^UjJI 

.lie '(£JJ^\ Lh°j^^ 1 Q'«Vt JJJ-o JajLaJ! ^X. (jj^-> Lo <JjiJI ^jijj 

(6-14) iljbuJJ UUA^ a^l (> .t = 0.080 + .993/2 = .577s 



\AV 



2JjL»_aU UiLj I UU-^ a LLixuj iY-"\ J£Ju j jflkj La£ (-*) J-t ^ 

0 = 2.6356 radians j! -Q = 6.325(t + .4167) ix = .229cos0 

'JJJ u luL) <Jj() mi i j^-aj (^yjLuJ! ^-ujji\ IjjSi jl f^-JJ .t = 0 .lie 

;4j_ujL». ill SjcLuxu ($JjSIL> liiLij (6-14) 2JjL*ll ^ j pI jj 2_i^jU" <xli2 dli& jLi 

:Nliai .ilLuiiU <LLia <J ^Laill gia in j* fl^a-^l (^1 ja^i Llik. <ji5_>ij Lgj'i! 

j£-aj La cj_>jal 2 !".< II jj's'j .t = 0 jjc 2 !".< II «, i^jja Jj-oj ,_yla '-II J-C 3 2 U5'.ll 
2I"<II jj£l d 2U5\II .C 2U5\II ^ j£-aj La JJijIa b 2U5-.II ^ .kjLJI Jl 

*d dilij ^la^JI 5^ j^* a (* = 0.1 m) JaSLJI j* 1.10m oaj 

.COS" 1 (0.4367) = 1.119 rad j! 2_^LJI 2Js|| ^ .cos0 = 0.1/. 229 = .4367 
.cos (1.119) = cos (-1.119) = .4367 LuJ jjij <cos(x) = cos(-x) jl L^j 
d ikSill aic 0 2-a^ j^£; jl jj 1 .cos(x + 2tt) = cos(x) iLlJ ^ iUIL 
.0 = -1.119 + 2tt = 5.1642 ,d ikUl j^ dliij '.2n 3 1.5tt c& 
.((^) 4jU| t = .400s J <6.325(t + .4167) = 5.1642 

S^^^jia JaSUJI j* 1.10m o*j J-c 2I"<II jj£; e ikHjl .lie 'JiiLi 

jjij JljJLij i2.5TTj 2TT j<_> £-Sj jl Jj *i! 0 (jl j^jjLuJI ^-mji\ ja (_5_>j .jl 'i"H 

j*jj| jl J&ad .((j) 2..LJ t = .754 Sj .9 = 1.119 + 2tt = 7.4022 rad 

t(d) i^jU SJLflJI . QinVin (j jJLj JajLJI jc j£-aj La dAjl 2_fc5U| jjSj Lajjc t(c) 

ss 

.^Jsjla ^jjSj La£ it(e)j 



pLiijl ~l ...I . JjisLilll oLma. jjJ-" ((6-2) 2JjL)lxi) 2 .1,^1 5-.ll 2JjL«ll J^. jixu 
£| -^-l lsjjj^ j^- x j- 1 ^; <&) d 2 x/dt 2 ja a x Jjj3 LljLi 

iX jj^.11 J^. ail 2^_^. jLi_l| I'l'K mn .(^.NLII (jjjLlll^l i_i'i->" (j ^£.1 luj m 

: j^ ^1 i4j^.lj*i!l cjJLlu ^-a i ' luLuj 4la >JI jl 4_t^aJjuaj 

k 

a x = -co 2 x, where co 2 = — . (6-15) 

m 



\AA 



II iiiiil^IJI s^aJI 




a = r = yr, (6-16) 

r r z 

gjjjj r = xi + yj jjLi ^jlmil j S jMJ! eul^ lj! .r t>U^\ ^aii j Sj^jJ! 

: J (6-16) <JjLjdl ,> 

a x = -(^ 2 x. (6-17) 

<(6-15) iljUi! (j to J iijLux, v/r 3 win II r J v J~^'< Li^J 

<£.j^JI ^ v/r (jt Lajj .(6-15) SJjLjlaU SJSLcuj (6-17) iljLjiil dJjJj 

(iijlj J£J (_5jjljJI jJOfllll Sj^jJ 3 mjfl n '(j-ojJI S-l^^jJ SjjIjJI i^-lj)" (jr^j) ^JjL>" 
.CO (_£jLmj iljI^JI itj^uJI (_5_>j iS_)jljJI J^a- ijjj ~> "l t I j» 1 in~> II 

\A"\ 



P ^ Gj^aC Uaa. I~n Licjj iSjfsljJI J-C Llaj '"^ I o laa 111 g, jll P (jijJ 

^ X j^=J.I J-C Q SlaX (jl Laj < jjl .Q 2U5-.II SiC X j^ja-U « Lfl-jJ <X j^jall J-C 

SjjMJ! 3£_>aJI .--Us ,„l |j| <jL»^ .(6-15) SJjLsd! Ji=^ Q j! <a x 
tLtj^l) 2Uw„, <u£i|j2 3£ _>a. ia^liJI iikaJI 3£ <Jaa. Jx. 2~u.--.ti 

4jjL*J.I Jjl S"l ml (jSl iLaLoJ LaJa-ta (JJiil (JjisLfllJI i^l mi. Jx. J n"l »"l 4 mi 3 Lit, I fcji5> 
,J_£ Iaa wl ,2^jj_>3 lii* 5fi j^uJI J a j a pLxujJ 2 I ,(6-16) 

S^Mj S^jjIjJI ^-Q_ttu ^ . J i^l Q \ ujLtua. ^jfc t^j-a^JI ^jLfiLjl jJ-C 4^n mQ ll^g a * * (j-o ^>a.*}!l 




J_C a . ...i. II P ^Ijij^l . ,><jt)j £-a.jll Sjjlj jJaS i Lcoll Llll jLlLL^Li 

^^jlja.^11 .i^i^L^a (j^_ijljjjl 4Cj*jjj £_ua^a (_jl ,Aa.lj Q J» ^ ' ^1 I iVs n < i£a._>J.I Sjfilj 

Ijl .(i-^ mil _>^jl) ^ j^=J-b "f C£i & -'^ if cos (9 P J x 

(j S jMjJI J^ja. d jili P cul^ Ijlj ,(5 jjlj ^ Ijji) —5 ^jjji t = 0 aic- 0 4xu3 
: (jj^-i JLllLj i(9 = cot — 5 ,jLi ico <L>jlj ic 4x.l mil ujULc ala3l (jjj^-c. 

x = rcos (cot - 5) . (6-18) 
w 



4kj mill JjiiljjJI SS^aJI 



ic ^ui x <AjL\j .v = rco Li jljioj S jjIjU ^Led! aUJll j P IkliJI <^ ^ 

v x = -v sin 0 = -rco sin (cot - 5) . (6-19) 

IbLdl J^L£ jj^k (6-19) iJjUll Jj.^ll iT^.m-.nL <jl£ <d k^! 

LL£Jj l( >jJI Jl i^uUL (6-18) 
.Jjijlilll 

x 0 = rcos<5 JmV< (6-19)j (6-18) i^GJjL*il j t = 0 j-^^j 
x 0 i(sin(-5) = - sin(5)j cos (-5) = cos 5 lla,,^" „.l) v 0 = rco sm5 3 

:<jli JllJLj i^LLMjl^l ^j^JIj <^lj)!l v Qj 

ikxul^j 5 ijjIjJI - J-^b l- 0 ^ Xmax = f (js i(6— 13) iljL*_all ilSLua ^jjiij 

: l l^lljL«ll 

_ x 0 x 0 
cos 5 = 



sin 5 



r ^/xj + (v 0 /w) 2 

(6-21) 

(vq/co) 
^ + (vo/co) 2 



v^jLjlxi JJ-o^. J-C ijj (jjij (iiljjj .(6-9)j (6-8) (InlljLiLxill (^lllSLa-a LaAj 

(JjLS-o ^x^5 <^X^3 <^ (J^ L^C^J ^UbLmJI ^jLuJI ^i^ill ^-tuj I iajJaj , 1 1 

4_ijL_iJI <iJjLo^_toj (jjLflJ ,jl JJ *i! .£-^"j-U S_>fjlj J-C P 2 Uo\ll 4^jja. JjjIj Jj- 1 -^ o*- t 

J\ tx = x max L*a^ ^SJI ai^lll J t = 0 J^l .(6-19)j (6-18) c^Ibbdl ^ 

X = ± X max IjO in (jji-i itj^uJI jljiLa (^1 I ^ inlj (jJ^-> (j I */' ' '6 = 0 (j I 

.x = 0 .lie (j^-aJ J^l icj^uJI jljJLa ^^jiij 



Iodic f»J »i4 II J-C Jjiiil JiAll (^Ls <F = —kxi ^ ^ ma. Jx. S^flJI lj| 
\(dxi S^-i-ua i^lj t-.-^ ^ 3-iJljLa jLmll J^xl) Xj Jl Xq (j-o <dj 



W = -fcf f xdx = -\kxl + \kxl (6-22) 

.iaj-JLJ ijLgjJIj ijljjJI 0 * t-^ 0 \ Jx. Jali J-aJ-*J JiJuJI ^ iiiaiU-o S5UI ^1 lia.'i!) 

(.ajLujlo (_§ j^-Ijj ^/ di -^o S^IiLijs <J_^j p 1 Mi^. II Ij| Lo Jx. 

iSLkJIj J il Mill iijJaj 

^mv) - ^mv„ z = -^kxj + ^kx 2 ; (6-23) 
^mv 2 + |kx 2 = constant = £. (6-24) 

iX = X max COS (tot - 5) <j! -Jjl-mJI L^- (j J-*iJL> HUsIx, (6-24) SJjLslM 

<sin 2 5 + cos 2 5 = lj co 2 = k/ra ^lakXaiL .v = -tox max sin (cot - 5) j 

:j_c. J i^Vi 

|mv 2 + ^kx 2 = ^feXmax- (6-25) 

jt (l/2)mv 2 iax Sj^u=JI Jx isLkJI <jL& lii^ <v max = coxmax JHs 
^ j^il ikH jji; Ljix j^=JI isLk yjj, (l/2)kx 2 iax J .(l/2)kx 2 iax 

a i ma II (_s^l^- (jl>l=lj-' iSLkll (^LLiLuJI (^I^jjljJI .(X = 0) ^Ijj^l J-^sj-o 

aic jl <±fr^- iali= <J (^^i-i (.y- 0 -^ 3-°^ <G£_>a. iSLk Lajic iX = 0 ale 

.4^_>a. iSLk <J "i! J (jr-olic. 4-cli2 £>A^a. iSLk (^x^j Ladle X = ± X max 
Ci^S Ijl illjl <ijjjj ds I 1 1 t-i Lj 4-1 jj 4jjJj 4J3LLJI JaS jiJ (jA^i hi 

d/dt((l/2)mv 2 + (l/2)kx 2 ) = Jx J,^" rfx/rft j (6-2) iljbdl j^k 
ILLtll (jU i^'ijio Voj x 0 jl^ Ijl idJj (> jS^II .(6-24) iljbuJJ SJSL^o <0 
JaKUl fl^l ijl'^ojj ( rft = dx/v(x) (j! Ujj .x j illj^ v (6-24) 



i-a^ljA.! ilSLua cjLuaJ! \1& Jj^Us .x(t) JllJLj t(x) J^. Jj.^^ II ^ _>klJ 

(V-0 JLj-o) SJaLkJI Ciljl 2 U ,„lj . JjjjjJ )UaJI oLjjjJI JjlslIL liioSlj jU 
^ .t (^yajJI (j illj^ 0 ijj'jJI ^-Ij^b CSJJ- 1 " j^a 4i \ J-£ ilLoa-j 

2*Cj^ I (JLlLa Lgjl (S_/\-i-ua (?max Ciil^ IjJ) Lll d>V^-> "LlLuiil (_>^a ° SjLc.1 



l>j ^SJI (^Li iL <J jJa jjj 2 U ,„l . ati ,„ll ,j 5Ja ^JJj^a 2 . US'. 2 l"< Jj^jjJI ^,1^ I j| 

it Hi ciil^ lj| .m<f 2-ujUJI S^Sj T jj^JI J-<i S^S Lojs> m J-t t>j jj>U u=.^JI 
.md 2 x/dt 2 = -Tsiii (9 ^ S^iiNjl F = ma <jS .T =; ^Li <S_^ i ijjjjJI 
aaJ T ^ mgj sin (9 = x/L „, r.^ll issbJI -t 




(6-26) 



ik dj^ijJI ^lij mg/L Jl.*»* -l *-o .(6-2) itaL»ll JS_i (_>uij I4J (6-26) iljLtll 

3 U iiiiljj 4^_^ ^jji 5^ i-taJl oLjjjJI JjjidJ iiii^l S£_>^JI ijj^J dlj-ij 

Ja ,/uu) 3 ■» mil J-c. oxujlj ^ T = 2n / w = 2n^/L/g (jjjj 60 = yfdJL I4J 

((dj^jjJI CuLj)) £ji '2 l"< II J_t Aojjlj "i! CO (_JjljJI JJ/LlI .(S^ ■» ici 4 ■» mil (jj^J (jl 

.7n 1 ' -"I 1j i 




^Ijjl J^aia <J OA 3I"<<II jiJJtla dj^jj .((^aJ _>JI aUJi^l j ujjjjlj ^JH;) ^""^ 

m 2 l"<j . an ,„ll ,j SJaaJjJl O (^a^J '""^ I L <mIj (jl*-o djljjJI .fc dj^j j vIj-iLjj L 

£_i^o^a ^j£. Cxa *jl Ijl 4 1"^ II 4_i ujJjJjj t_fl^-tu JJ I J I .A Jj£ 4_la_aj^-a 

2I~<II iUf. .mge 2I"<II Jx. S^jjUJI 5j3 jt LaS 2I-<II -fcze S^L> d j^ijJ! 

r^^lj J^J^j d 2 z/dt 2 e ^» 

m^-^r = -kz + mq . (6-27) 



6jj i Lg-ilj^l j-^^o 3I-<II ^ u jl Ji^) u = z - mg/k Ui^c lj£ 

= -kw. (6-28) 

cit 2 

Ujjjjj co = ~Jk/m (^jljJ! LsijjjS 2 U, ijiilp 3£^. . a,^-. (6-28) 3JjL*1I 
d jj j-a ^Ijj^l j-^j-a 5jjjUJ! ^a£-> liilj-ij '.f= (l/2n)^/k/m 





















) 



,(M = 0.100kg) -(cS>=^ ^ f '^""j ^JH* 4-Luala IK) £-"\ Jlla 

<j iLjjL^ dj^jJ! jl£ .J^U^j Jaj^a dj^jd j^h\ ^Jjidl .(k = 4.00N/m 
j_c ic^i^a (I uoj! 0.100kg) .d_p jJ; 0.700m ^jloix, J^kj 4jIojJI 

.iljliJ! 2I~<II x^-.tl ai"<ll <_j Lajic .JaiUd! lm isLux, J-t ^ ' ,^*.t l 

.2UIDI j 0.200kg it&Jj J^UJI ,> iiLu* ^1 jajt (I) 

ioIIIj J=jUJI 1.200m iiLuxs i^^ia^ iLlUI 3I~<II <2ul£ |j| ((_,) 

2 l~< 1 1 iiL^ JojLdl 4-al inn )l lolll (_5j~^Li ^l"l"<ll 

.0.200 kg 

<_>*a_>iLi) (V* l*< II 4-OJ_*-ll SaaSJI J^. (I) 3-iLa.l J^iIaj (.a.) 

?k dj^jjJI CuQJ SjJJjJI 3_ajiLll J-C.J (jLjjjLulLa 



ikrJ ji* i (l/2)kx^ aax £sU= ^ 0.100kg it&Jj £ &LUI (I) .J=JI 

ale is iSLkJ! (^Li ii = 0 jic. iaaj ^jLuall! ^1 Lojj .j^Lkj^l 

<j£J <5 j^Iao o-jl uajJl Ji2 0.100 kg V in j^oJI v Lu^ yJaj-ou .iLLjJI £>la> 

(jj>) v/2 ^js> S^La ^jLualJ! jjij 0.200kg II jlaiLa .(jjjj^s. j^L I1& 

II 5£_>^ isLk .(a.jLalll pLkSl ikji-. a iSLkJI ^ji; ^ ,d_>^lJI 
.(l/2)(2M)(v/2) 2 = (l/4)Mv 2 = £/2 ^ S^L* f jL^UI d*^ 0.200kg 

<a.jLuojJI Jj3 ilKJI iSLkJI . (_5jLuj a.jLuaill <Ld^-ll iSUaJI ^1 Lajj 

idJjjj i a, J I i/~T\\\ JiS I fl" n \<> S__ys 1/V2 (_5jLuii a.jl_uajJI Jju X ma x <LaxS (jLs 
JajUJI <^a isLu* ji uola ,X max = 0.3/1.414 = 0.212 m a,jLuaill d*j 

ijjjjJI iaaSJI J-c j^sIj^ 3 I £sia> (jl g-^b -1-0 _ -212 = .788m ^ 

.k 3^3 j] M = 0.100 kg 

Jj-aJ l _ J jJl) jj-oj-H il^Jj La ilLujba Jja. I t-ajlxj ,lia 1 1 £yi (jj^-i La (cj) 

LL»i lj| .LgjljS! iEjLu Sjjjc JLijI ^ ^jj (M j k Jla <SLk-»ll ^Lvaflll 

ixulJ j-ajJ Xo £OaJ .M jl k ixuS J^. J-ajJLj ~i <jLa.l (^1 (jjl i-Sa-iu <^113 

>jlxi £jj .(x 0 = -0.300 m) 3j3IjI^I M = 0.100 kg jnLU ikii die x 
M il&JI isLU (jji5 .(xi = 0.200 m) ^jL^UI ijja. <k£> jic x 3^3 Jl 

S^lxa jOLuaUl Ja2 M IfcUl 4^ 4iLk oJ^J .(l/2)kXQ <yk a,jLu=>UI Jj3 
■ a.jl <^"ll Jju 5£ _>aJI (j X J 4\xli2 (^21 Jl j-a_p -Xmax £J .(l/2)kXQ - (l/2)kXi 

USJI SiLUj (l/2)k4B -.jLaill jju 2M USJJ 3JSJI ajLkll 6 j| 

Lajic <U! Ua '-^j (j! Ja^o .(l/2)fcX^ lax - (l/2)kx 2 ^ S j^iLva a ll ualJI Oju 2M 
i^ji^Li Laj5>l^.| ^ I " I" II 3 in" I" j i4lK (_>uij <J IIjLj La. 

Ji3 S^^^^JI iSLk i Li^all i«n (jjii S j^L-a a 'I i^alll Jjlj ^^^^Jl iSLk ^jli 

SjaJaJ.1 2 .^jl A. II S^aUl ajiLuj "i! 'Jjl_>JI J-uaiJI (j Lllaa.'j La^) Sj^L-a a.jLualll 
IjJ ia.Llalll (j 4^_^a. 4j-a^ (_gLi jJLuaJI ^^jSiLxLa a.jLuaj <j-°3 f-LijI SjJ^il ((iJjlj^lO 

diljjj (.d>aJill ij-a$ IAq-> laj-a a,l„^" ml LijfLaj 



\kX 2 max - \kx\ = \ [\kxl - \kx\\ . (6-29) 



( -Xmax \ 


1 


1 + 


(-)'" 


V x 0 ) 


~ 2 







(6-30) 



^jji JajLJI (^ya 4-al uu jJLualj <^max = 0.255 m (jl j ijljc-^l JL^jLij 

.^jjjlJ! kj M Jl^ss (> i>J! Iia> *.±Lluu ^ .1.0 - 0.255 = 0.745 m 

iSJLull £sjjS> (I) (j-iljaJI JaJ (^J^-l (SjiKxi) 3jJ= dLi& *. aUI ' 

:SjLiU ll^-a Lijj jl Lla> (j£-oj .(6-30) iljLill (J| I ^ « . ^jjlxu 

.M jl k (jjj^JI J-c jo'it'i "i! <LLa.^!l (2,1 ^Jijjtj (2,1 », i Laj — '■ iSJLull J^. Jj3 

3 1 tnLu^l vrilj^J! (jjij ~l talll (j .iLkji! m's II jLjlj^ I'-jI ""-I dlj 

(2l"<ll) .^yj, L&jLjljI 35" mo 4_ixi£ ((jjttjjJl) S_a£JI 5j^.j -(j-ojJIj -2l"<llj , JjUII ^ 

i^oUlj . Y («>jJI) x (itSJI) ^ ^L^l k dj^jJI cuts . Y (^o3JI)/(J^kJI) x 

SJ^jj J^-JI ( ^ Ioju >-2j-<*> -U^jb Cg-i Lgjj^J <L$J jL*jl "i! X max /^0 

^ L^ljjil ^1)1 x 'j^jll iidAjUl 4_<o<ll .xo, %i, k, M ili.J.1 oljo<ll 

(jj<j mi) 3jd*j>! ii-oS j M j! k J^ji (jl Jj^'iMitl (>o .Xo/Xi jyk 3jijjS!I o'bLLj.l 
vlp^ 1 "'0 { L- a tflJ!la o I ^ jjl d j^-Jj ^ < < I (j q i a * i 4jl Mill Cj-iI^ Ijl LflJUa a ' S \j * I 
SJLijla (jja £\$j-ll lig-1 (j^- 0 - 1 .(3-iiLual 4-iJjLji! 0*i!LaJI £>jjS> (j^a (_jl (j dliii 

.lis. liiSLo (jjij jl <(_£J-*jJI JjlaJLll 4 tic jit- 1 (_5.il! 1 a~ill 

(jlj^l J^k <J dj^j OA <A-"\ Jl^i j (ij^o ^iii L£ .((j*J_uaXo (jl^j^ij) 0-"\ Jlla 

(jl^jl tj^j la 4J AB ^i-l d^/o^- 1 ^5-*^-° A^ laSl aJu Ja^aJ^^ya O .kl d^\-J j CjjIj^ -Ll 

?i=aL=dl ^11+12+^ SiLux, J^. B pUJ 2 . jlUt l s^UI Lo .7^2 dj^j cuQj I2 



0 



kl A fe 2 b 



> £ \V 



J "i! uljp^l ill^ J .L 2 + F/k.2 >a> AB J,J=JI ^1 aSj^ <\\Ac. -Fi 
AB J_t -Fi OA jjp J jj "il JLULj iAB J_t SLaJl S^U! ^^Ln 

idJjjj ili + f/fci ^ OA J^kJI 

* = f(± + ±). (6-31) 
111 

feeq fel k 2 

(6-32) 

k\k 2 
keq ~ k 1 + k 2 - 

.fe eq = d/2)fci 6Li 'fel = fez 6^ ty 



hjritjH ^AiljSJI OJjjUl JSLuiA ("\) 

.(A-r jiia jiisi) .\--\ajLuXi 

^jjJ! (>aj>JI Lo <£_uaJ.I Ijjsi 2 u. nu 2I~<II l\^U<4 |j| .tan (9 = a/g 

(.3JLJ.I SsjjJj JaJ lis. 4lg_u, 3-Sjj-1= dLuS>) ?ifl^.NLl! oLijjjll 




.Y-"\ 5JL« :V\ JS-A 



.dK"i~J (^jj JijJI ij ^j^jj r>j "'A II ^1 (jisjli! .JiillJ (_gji>.S!! ijL^llI Jl 

4 g a i q a ) ma 11 (J-C Sj) 0 I I oj)*^ ' { a 1 0 iS3J^ iJjLoJ-Q 4 lj^ Jj^-lj a^-maj <4jI 

jji-i^! SjU.1 (^Ls ij^ (^j-o r 5il uu oic ~ ■ — ^ II Ijl 2I"<II j£ '» 

.j£ jil ,j Sj£ j-a vlijl^ Lo£ 4-ujUJI 




.Y-"\ 5JL^ :\ *-1 Jii. 



S L^l a M = 5.00 kg ^j^.] jjim= 1.00 kg £1& \ J£_i ^ .£-"\ AjLuXI 
(j^iial g.U,„ J_c dK"<^l ^jjj M 5I-<II jj^n .k = 20.0 N/m iLli dj^jjp 

4jj-s.il! 3 1 m v_ul£ lj| ^'I'XII £gj ^ < ul'wnl dK"i~J JxiLsl-o dlla> ,j£J '^j-Sil 

itU! J! ii£J! jJjH •>! /j J i^S Jil L ,A = 0.400m 

?4. l i m it 




Y • 



j»Ud>V ^^ju^vi ji 



(j ^^a-ua^all <iilj iJuSlia S«4_>2 4ji«i ^(j-^'U (_| ^vAlL jJc Jx [sjLS-11 jaJ Ijl] 

[.(I)jJi 

JjfUl (<^_>^-) KjnLjjJj .til Jx Lluala (^ojLuSlI LLaLal&l ^L^ ^Sll ^^I^. 

ibL»!l ljj5Vi j^SlI iakftl 3£_>^ (jc s>Li j^j ^ill f.Lg-11 (j^lJI .iikilll 

iiKJI ix^jUJI S^UI (dJlill 3 ?.'"") J <_>^" Ls^b '(4-20) 

Jx .3I"<II j^^a SUf. j Sjj^" 3jKII 3I'< II csjL^ La ^Lki Jx Sjjjil 

ijjj a jj jl <G^Lui CjLn i m-. II J$ ^1 (_gl) (jljjl 4-lLa. (j j* I lVi 1 1 Ijl t^yaj II 

(j-o (^__>j La^ <<iilj £-a_a • I j ° 1 o 4-i^.jLkJI 4 1 K 1 1 S^SJI (jjij (jl ^Ls 4x^ju 
Jx j^bjJ llal£ ^ i^jUJI 4JUI S^UI ^-V JSLfi, j j^il JLUI 

Jjj -C^-* cx^i > aJJI j Ijjj i-ij-tu \-V JS_<ii (j ,_mi^SILs .^Ijjl 3JU. j ^UijJI ^1 

i_SjjiaJL J ifiO II ljjS> (j (j '< i_ S_a-to .4-LS__jia die JjjiaJ.1 (jjj^l U (_gjl m" 1 1 (_£^aILll 

Jllll J.^all (j (jiiSLlj ^Jj-ujj -oL^' 3 -"- => - li f ^ lU=^ 3°^"'"' u' ^ ^ ip^' 
.Lt^>! tJjjLj-ui ^ill SjjIjJI dj^lll <Lx£ Ijjjs Liijl (^Ijj^l 



F 



iUo^il SjUl (jl :\-V JS-A 



(_jjJI d U a 1 1 ^ iA ^-a Jx. LAjI Laj|j tSj-SJI 61 jlj-ii-o Jx. Una (jjuJ i 1 aJ * ■ Sj-5JI 

^1)1 2 US'.II O LfraJLa I '\nmjj O J-ual 2 US'. LjjLxij lj! .5_aUI I a lie 

^jj(J!» ( _ s -a-uu V X F ^ g a * 1 1 cj ^vAll Jj^aLa. ^ gtjlll! <J — - ~ 1 1 ^Li ,p I «.i.f JJJJ 
ijj^a^l 2 US'. ^ ,^i^a Jx. jijjiJI J-ojjlj .«0 J-uai!! 2 US'. J^a. F S_j£J! (^ya gtjLll! 

.J-ua^l 2 US'. Li^i. |j| f 4^111 




: <jl cs^ (jr 2 ^)" >-*>»JI) f "H^-Lf f-WJ >>> 

f = fxF. (7-1) 



Y • Y 



LaA Fj f Ijl i-^SLuaJ! ^ Li-J^ ((0 HI (j iilj-xj CuitS^j ^jlll (jj-o-iJI 

Lkil ."■<_- ^1 t^-aj ^jJI iFrsmd 




.J_lj F± :V-V J< & 

SjIaXI aLui^LJ ^^Ou^l jljj^l (Y) 

a ■ ma ^1 <_gl) (jljjl SJLa. (j (ciLaJ-tuaJI ittjaa a (_gl) La LoLLkj _fCL*j Licj 

a ■ ■■■^ J£ J_c 2 .KM 5_jill .i JaJjJI ...I ■ -.1 ~> ■■■^ II aJa J^j .((jljjl 5JL=- (j ^j^-i 

ff = 0. (7-2) 

(j Ltfra^La (7-2) ItaLslI jjJa <_j j^u llaSj O J-ual 2 US'. LjLi.1 Ijl <dJj J-£ Sj*ic. 

Jl O <> J^I^JI i^lll) fi 
fj X = 0. (7-3) 

I J '-^p ^jJtla S-ilLljJI (^^aUI jLi <i a-i2 £_ixl»J (7-2) vIj^jLjiJ.1 I'nn^ Ijl 4jl j£jlj 

Pext = 0, (7-4) 




Jinall j Lilai La£) J^lja tr^j^ : Oetv?" lii Jl^JI l^ 51 j 1 .'"'^ 

Fi = -Fi.ext + X//i> (7-5) 

j 

fO-xJI C^jL*_a ^ aa ' jSlI LLa2 Ijl J 2 U ...Ij . i J_£ jjjj ^jll! S^flJI ^jjSi fji £jjl=* 

X^i X Fi,m + Yfi x /i* = °- (7-6) 

i ij 

: 6 Lk^ (i = 2, j = l)j (i = 1, j = 2) 6 UJI 
fx x / 2 i + r 2 x f u (7-7) 
■ (fi-f 2 )xf 2 i (jJ^J (/21 = -/12 cJUll oJfcu u^ 13 p.baiu.Li) dJj g^j O^JJ 

!j! JUJLy :N jiSj Jl T jj; p.""? 1 1 i> J-^b ri - r2 6^ -^i ~ ^2 

^J_ual^JI U-^ II ^Ls^jI ^p^r. ^al 6LaJSl £-a La! 4_ijl_aj-a ^ « ...^ ^| S^aiLll C-uL^ 



Y • 1 



d U ilojLa. al in^j I & i'LLuj^I jlj^l 

Sjjj^bJI (jnfl'l La^J ^lilll) 2 .< ."I" ,„jj j< II S_jUIj SjjjLaJI S_ai iijJUl 2 jj ^sll ^ 

^ 1 1 a flj jj^I 2^ ^ J^Li. (j^-aj niilj jiij <2JUJI ssjjSi (j 2 . ... . Ul'.« 1 1 ^^SJI 

a.Uaj IjjJ La-ta-ca !jjS> (^S-l aj .J^-l! a, jjJI (J a_&LuJ "i! 2 ,1-U ill ^^aill ^1 jLg-lal 

J^. (2_i2UI! ssjjji jLkj ^j^"- a,L*JI oLu^l jl f-^j) -i^Jj nilljJ is.U 
:JllJLj :j£JI a,j_*JI j ^Lui ^ 2jLLIJ| ^^Ul ^Li ^Ij^l 5JU. j L a,Uii Ijl 




>. ja I k-'.ll ,j a . J£ J_£ S_aILll GdA Jjjp .La a I laj J-C. 2 .^jl 4. II 

2_ijJaj iiiiJj a^j .0 J-uai!! 2 US', 2 a I" A. ^ Y £L)\1\ inn J^. 2 a I" 4. I I .-.I ^ . ...^ II 

(jl LiA (j^a/Lflj) *^l ■■■ Ij-al d . * M -v II A U tul^&j 2^^-^ {O - * - ^ ujI m^t. jj-a 2^al_A 
6Jj=»jJ 4jjjLaJI 6 latl lj j I J 0 a (jJ^-> i^xva ' jj-i-i 6 j~Js a I aj d a U \ ^ 

(.2_u,|jjJ| ,-.^* a.1 U'-H j -■! ^- ...^ II j_i^=J t>JjLala 2I"<II 

Y • o 



bjjl La ja.Uaj 4 . K 1 1 2 . | j| -v II 5^2 j I '""* I (j^-oj ij^jj-*-^ *— '""^ Jr* 1 ' (J-° •2->_>i=ij 

<<».UajJI 2_fc£ j^j^a Jl J-uaSl! 3 US', J^al^JI d-.-ll R .-..^ f grav = Rx (-Mgk) 

k, ,2_iKJI IfcUl M, 



MR = Yjtiifi. 



f grav = Yfi x (-migH) = ^wifnj x . 



(7-9) 
: jjs> 2 . » M II 

(7-10) 



f grav = K x (-Mgk) Ji^j (7-10) iljULI j (7-9) UjUdl JUoL> 

.SJiLa^l (jAa i J^. 4_ijtVill isjjSi S-1cLuaj I jj£ a ■ 2 , j I U 1 1 <->_illll 
L W fl tajj a i LuiaS .(^jla i tn^l (jljj^ll) \ -V Jlxo 

(3-o 3/4L jjlj J^. ^^^^Ij ^ju^l i ajUII 2_iLjj jjc I aaI ; l j^JLaLcj J^. ■ **■"■ — ■ 
■ * iASJI J-c (jCLoLcoJI J£ L^j (_s^l' S^SJI -i^-jl .j^uj^!I i_sjJaJI 2_iLjj 



A 



A 



Fik ^ i_mi^iSII Jx. Sjj^il (^^jiJI . °-V JS_<ii j 2JjjjJI Ji.lj Jl 

t i_sjJaJ! iiLp (^xi 3/ 4L jju J^. Sjjjil F2kj 1 j^4^ i-ijJ=JI 2jLp jic SjSjil 

(^^aiLlI ^1 Lajj 1 a.^.T.11 2 US". SjjJ-o I Ajl 1 £j\ n \ —Wk 2_s_oLJI S^aJSj 

■ ij^i tjc in 1 iA5.ll J-c 2 .!< II 



Pi + F 2 - W = 0. 



(7-11) 



jic Jj^I 3 US'. LijA.1 Ijl .Ijfl Jj^s! 3 US', ^| J^ja. J^-ll aj^- 1 a' • iJ ^ 

f = {¥) x ( _ ^) + (t*) x ( p2 ^) = a (7_l2) 

^■|j-|p 2 Ij = 0 (7-13) 
j .Pi = 1/3W J (7-11) iljUdl r l .^-.... l. .P 2 = 2/3W ^Li Jl^JL^ 

£>3jS> (j da j 4_aLcjJI i^La <(_£,>=»-l Jj^a! 3 US'. J^a. ^jjjiJI jA.1 Liul LijK nl 

("T l 1 x + x ("^) = 0 (7_14) 

So^-lj 5^3 4_ljl_*-a 4_iLi^j <JI Mill Ja. (j^-aj <Gl tdJjjj JFi = W /3 <jl J uajJ 



k 









F 2 k 


N 







-Wk 



US'. ^JIa - . * .Xa J_c Sjj^ll (£_aiLl1 :0— V J^s mi 

3 '. . ■» a J-i^al 2 US'. J^a. ^j-*JI (jl^ 13! j tlja ua La a, I U'. Jx. 2 .KM S^flJI CLu\£ Ijl 
lUilj 2_ijjJ . I j c i ,-i (jjij (_£_>i.l (J-ual 4 Uo'i (_jl J^a^a. j»>*-^ (J^ (J-° ' I J ° 1 a 

SyaJI (jl (j^i/ls! .0 J! O' (j^a J-ual_aJI 4 a J 1 1 jjS> (2j ij-ual *■ LaAJ O'j O (j^ll 



Y-V 




5aKJ! S^jUJI 

^jJI pj. r iA . l l J! O ;> J^al^JI d^U.1 ^ Tj Cxi^ if 0 ,ext = Si^i X ^i.ext = 0 
J^al^JI <LaJlil f • Op if o'.ext = Si^i X ^i.ext O' pj-*-ll -i <^JJ 

^Li idJ jjj r T = d + fi (jl W j5Li (>o ^_>j .i jj ^jJI ^j-nA II Jl O' ^ 

'TO.extj fext Ijl <JllJL>j ifo'.ext = Zi(<2 + fi) X Pi, ext = a X P e xt + f O.ext 

.Lisj! t^ 1 ^; fo'.ext <jLi 

iiLua^lLi S_jSJI 3JjL*_o Ji-lj Sljla a pliij (_jl CiLajlt U ^jl ' 'i<k 

ja*L I ^ .If J .-^ . 4_iil i^il o^jLaja (_jlj .Sjja.lj J-ual d laflj pj-*-H iljL»-o (J| 

.Jj^l pj-*-ll iljLsL-aj S_jiaJI <UjL*J. 4j j^a. gfiLij <n (_£_>=»-l (J-ual US'i J^a. pj-*-ll 

(jl^j*-! (jLij^^i (jLts ^vii Lcxa ^ .Kit ,2^i^.jUJI p^jlIIj S^EJI ^i)*^L2 ^\ L±jj 

a I tajJI j^j^-i pJ Ijl ? jljj^Ll (jUa j-OaJI (jljj* LAjI i cu (j^-lj .La al laj 

J_iJ_aJI jl Mf.l ^j-^ J 0 I °^ cilj^ u<^» 4-iLa.^ll Jjj^" m J ^ lUl L-3 l fr « ml a I aiUA 
(_5jLuj (> J£ II pj-»-llj S^ILlI J£ .V-V mi (j Jt-ua^ll lilJj Jla -2U. ,„.ll dli^sll 

d I - ■» . j-i-^l j- i bufrj ~J (jLaj-maJI ' ~lj -- " ■ i_ Sj-uj dJjJ iiL^s'^Li j < 1 j fl i <i 
tLo qJaaJ ale 4j^Luj a I IgjJI Cil a i '"^ <Uiaa. Cj^iI^jj tlS-ujLa. Lo ua aI IojJI ^jt^ Ijl 
S^flJI (j-° c^*^ ^-^l- 4 " cU^J S s t >- tu pUaj-ll 'T'l a 4 "'^ ^xaja. (jl (jl a * Q 

1 1 a "■ iJIjJI J uaiJI (j pjii (_£jJ! i^LijiJI (j a i oj ■ (j* II [j< **^jl a II pjjJIj 

■ ".l^j^ * 4jjLHJ.Li JjLi j ^ ' (J-C S \j v ^ a (j^^j (^^0 t^ 4 "^ - f ^ 4j^-qJ.I '"-I^j^ II 

.(cjLh 1 r 1 1 — > II (j-° 4-ljl M^-l 4f.^-a^wCi 



Y • A 



-F 



V-V ^ 



Cg j"' ^ I » ? j 1 -S5-^) ig y> (j l£>s-" C J "^ 



(Jljja (3 jLttu i . ' tulHSj (S3^ '"^ ^ (J-C- SJ-qLaj-q ^j^jlII ^in^ (J^-^ <<iUjJ 

ijijjjjl SJjLs-a (j j -."I I ^in-w i_s,ia. I jj£ a i cUj-ij i «ax,l mil ^_ijl ac. 
i_SjJaJI iiLgj ic-LuJI ujjliLc J iA La^ S_aiJI *j i^aJ °-V J*s m (J 

o-V J£_<i j <ut Jia.^ .<£.LJI <_jjLfl£. ££. [Ijc -Wk S^UI as II j^jSII 

<ijJa iiLgj J^J^"- itLuJI ujjlic- Jjia *l ^"1 (j 1 ■ ■ .An II Sjljl S^iJI (( Jjl ^" " 

J^ja. 4-cl ,,ill ujlic *-a &la3l (j 1 ■ ■ .An II Sjljl —Wk S_jUI « Jjl a3 » Lolu 1 j^uj^I 
jLi Anil JyJiJI i_S jiaJI .lie J^aSlI ikflj U Ijl .j^SlI 4i jJa Sjl^j 

.uA, La^c — TVfc ^'1 'fVij icLuJI ujjLSx. j_o (jl •»'< Fzkj F\k {y* 

uj ^v-Ajl CJ^-i-aLa- i_jl ua CjljLtu^l £-a * in gj^da * (j-»3JI 1 -1*^1 laJI (J-^ .4^LtuJI 

4jal "■ 4 1 4 i g a * 1 1 

(Jl .-■»"<> 'Lijj <AB a tajj a 1 ■ ■ . Aa .(^^Jjl^s 1 .Anl ^'s i"ll"l ml (jljjl) Y-V JLx« 

' J I m a I ^aJj ...I . ^j-^- 2 ' ^ iA j (3 4 i If. ^i_ilj A ale ^j^Lal J 'AJ ^ a.1 laJj ml * taSI a. 
3 1 ml jjl [ >" jllj .'II ...II (j J mil .. ■ ...^1 .^yii^l 0 i>jlj J-i-uaj (^j^JI aJjC CB 

1 .>.A5ll Jx. JqjLsJI Lgj jjJ-> (_5jJI SjS II iifli"i!lj 

IjljS n LojSi Hj V 1 .An II J^. SjJ^il (^^jUI "\-V J's m (j (j^ijJlj .J^JI 

(^LiLai (jj^J (jl (_vi_/i-£Lll (\ya 1A .lie laSl a II LaflJ jj^-i o^J-lJI "LlLs^Ij <J-iu!_)J I (j^j^SJI 

^1 iA"l Ijl -t> n() mIL t> -N iA^II (j^jSlLaJj^l (j (^jlj^flJI 

Y • "\ 





<J-c.l J! (jiuJj Ja ml Jl ^ 7 J^jUvJI Lg-j .Al- 1 (_s^ll 3 1 ml^ll S^SJI jl o"i!jL«II 

4_Cs_l_S ^JJU uJlj-UJ 

IJIj 2Liftl ^LiLLdl 



(7-15) 



H - T" cos 0 = 0, 
V + Tsm6 -W = 0. 

ia j <A J^j^- [jzjjs- Liji.1 Ijl 

w| - rising = 0, (7-16) 



3JjL«II j (jAi^aIJLj .T = W/(2sin0) dix> 3 ^j^all J^L L 

S ^L* V jUJ <> .V = W/2j H = (W/2)cot 6 J ^ (7-15) 

.B J^. ^>*J) ji-L 

|\ |A» n (jjjjii . (Ja^jj-o_a (3^-*-° i_hjA£J uLlm^il (jljj^l) V-V JLxa 

i .NlUII ^ 2 1. 1 a 2J2 j^Li idiljJ 2^ ."'.j iK ni^U vZiS^JI J.lnll 2_iJ_i^olll 

^ ) laj m ) ^j-o 4 1 0 11 (j-tj (j-o J 1 ^- 1 ^ t4Jl mil JjLmbo J^ ^J^-il i *J 1 mill i ) "■" < ^~ 

^AJI Jliil IjA ^JLkJI 
CBj ,W AB ,Y-V Jlii <jLLo Jliil Ij^J ^al^JI JS-mJI 

iliiSlI ^Jjj^fljl i_wn~J .C-Lulo Jj^sLsLo ^jji Cj Bj A Oic vZ/bLua^Jlj iW 
l^llJI iixuljJIj iiiiSl! ^jGyjJIj iC jicj A jjc JajUJ! L04J jjJj l^jIII ^-"IjJb 

.B die _>i.S!l J-t uojaj J£ Lo^j 

I J 4j j<aJ 1 ol tiaJtJl g ■ oj i_ S^-m .5JI mil fcjjSi (j 2 I j j ^ (_£_$2 Sjc <iJLiiS> .JaJI 
(^^jjLSj S^jiLlI v^!jL*_o ^1,^" mil JjjS>L=>_il (jAjlj iSjIjjJI I y a iLliia. Ijl J*-& jAflJ 

<AB i T MiA>5ll) iilLLx, ixLkil <isli dlla> J LisJ ^^11 ^ .viJliJI 

S^SJ! ^jbus O^-^j 6-° <jj^-^' ABC ^LkjJIj <CB i_u-iAiJ!j 

J.C ftjjtJIj SyLlI ill lu^LS lj| -4-^ 3 IS" mo v2^jL«ll J£ mJ iiiilj £-aj] - Lg-1 fO-*-llj 

^1 j^Si) ABC SjSjil ^UJI ^| 

A jjc 'LxuI^JIj SjiiSlI djG^LlI Jl j^s^ .(ABC ^1 tV<ll j iiLib ^^jS 31,^1 jic 

iJliLl .ABC ij-mljJIj iifli^l (jA'.KII (^G^flJI ^u^i C .lie ij-mljJIj ijii^l (^G^flJI 

^ (>cljS!I jJ=JI ijLp jic cS^jSJI (jl AB J-c. S jSjil ^5^1 N N -V Jim djjj 

Sjj^il (_5_jUI N Y-V J*s m (>jj .(AB !_u iASJI J^. CB ■ l^ASJI 2 U Sjj^il ^^HJ ( 
Jl Jjjs>UJ.I jjc llljli.1 S^SJI ^jLjlxi jJ,^" niL i4jLi JlllLj iCB i_mi^SII J-t 

4 Ua'< J^ya- AB J^. jijjjiJI ji.L j^ji V (>_uij L^J ^ iU" mj <tfljjia Jg-ml 

.V = W/2 (jji Ij^j (AB J^k = I) VI - WL/2 = Oji J.^M «B J^SM 



t PV+ W- V 




W- V 

A, 

V 



H 



T-V J Ho j AB oAx^ill uu. : \ \-V JLa, 



ikij J^a. ABC Jx. ^> (y* H ma I 31(3 mil J_>kJI cS-ia.|j 

(jjiS Ij^j «WI/2 + W'L/2 - HLtanO = 0 Jx J — < t (\ --V J£_i) A 
tfjjj f > cllljuo 4->L£ '£^=JL> 'O-^ 0^ = (1/2)(W + W)cot0 

J.^'. NY-V J! \ --V <> JlS-2.SH i VjH JLa-jL .Vj H ls 1 0 j3 cy **±i 

JajL=J! Jx CB cjjjAU! Ljj jSJj ^1 S^jU! J (jialjiil yk 3_*jLAJI <•-! U^l j^.] 

Jx JajlaJI Lgj jjJj (_5jJI S^iS-ll v^jlSJ la la la !jjS> .CB i luASJI £_o 2-ijljXa 

Y\ Y 



H <: 




+ W-V 



T-V JO, j CB VJ , A 5ll SaSJI UU. : \Y-V JS-i 



^LllLi^ tB J^^^- cj-*j_uiJ^ CB LiAjI ((Jjj^-jlILj 4jj1^Lo ^1) 4jj1^Lo CB 

(jjj (^-0 gtjLllI a.jjdl (jjij-tu B Jj^a^l 2 US'. J^a. CB J-C Ua-jJl a.jj>JI (jLi 

2JLJI SsjjS> j iW = 0 Cul^ Ijl ^1) (jlj^l 2JLa- j (jj£-i (jl <>a y^olll (jS-ojj 

.(CB »-o ijjljl^ JojUJ! jx. CB L$j jSJj (jjlJ! S^UI jj^i 

4 I .^jjl (jl SjLc IjLL^o ((((jjilal i a fl q » La a g Q I i a . I a I 1 

(J-C CjljLixuJJ t^jA * 1 1 I g * ) 4 I I QJ Q ^jl * . X a U ^| ^jj^ J\2lJ .QtAjg) ;J Q ) 4j u o 

(3 2_i^j|j - =j) 0 > (J^La. j-a-s^ 4 a fl i^JI ^j) who ^Lc 4_jJ^<jX. ^/Ual m n d U ml^aj < UM ~» 11 

,>j (jjjLoll! g U ,„ ^| ^JLail ^ .(NO-V J! ^ V-V (j^a JK MiSlI J-tajl) (jl uASJI 
~AP <jr^' S-Xi^aJI <jj^ '-'J~>.' '^?- t-jj&Jlj jLa-uJ.1 

(jl ^g^j LijLa <J-ua"i!l 2 Un'. ^ ,_ ,o"ll j^j-o LilaLa <(JLllLi_9 La J-t S-ij^^c 
Cj u ljl .(S_a2 4 1 a ) LiJLc. ^J^ -1 Q 1 '"^"^ (J-^ f 1 -^ 4_l_Lfii^-a_i ^ jl n mil 

(j! (j^-a-ii 0-V Jf\ mi) 3_iiL^ 5js.jJj [gj in Jinin 2 U m|aj JajLa. SjLluu ■ . ■ > i II 
j^j-a J-ua^l 2 US'. I '. I » ^ |j| .(jLisI aX.J (_jl ,jjj <_s^' J-^J <-S i_ujASJI (JI=u 

»j ua3 iiillj jiij f2x.l mil ujjI Sr. ' mASJl J-t Lo^x ^'"^ ' ^ <jj^' (ji-^ " 
icLtuJI ujjLSx. J i^i La^X i ^- 1- — J-C jl n mi l Lgj JjJ-i (_s^' 5j5 II 4 i mLall 4_i^_>il 



JLllLij i(<Lil^ i^jjj iij in J uaU I (2,1^ SjjjLaJI ^jz. jljS n (jno'i <d 

.^Ij^l 3JU. (j ,_ninSll 




fyjjjjal (J-L^fl_o I \ V — V (J^-oj 




l-JLu) ,j^>° t^' s J Lfl-" 1 ^ 1 £^ JLgL> (J^ (J^ -0-1 ' ^ ^ ft {j Q ^ * iaj mj (jJ-S '(j-^ - ^ 

.JajUJI J c r ilj (j <jjjL^j c5^-| i-il^jl i_Mi^fll 









• 










' W 







0 




> 


, w 



.lijU>. |j t_>ij j ■ uxoS :M-V J< mi 

0 J-^&l 2 US", .JajUJ! JjU. .^j.-^al l pj^. 4jL llaLki Lii^C lj| 

^j-xJI (^1 jjl i(M-V J*S mi) .kjUJI (j .AsSlI LaiAlc. Ji.Jj ^jlll 2 US'.II 

K r\ mi i LiA^AjL) (jl <iJj*AJ (jl Jj *-! t^^^fc-l S^)-a d * ,.M -v 11 ^5-^ ^LiajJI J-i^-^ll 

i^ya (gjixi\ JjJaJ 6a ' *j-»lS i luASJI (j* jjLiJI t^^' J 1 - 1 -" '£^l>" <3 I 'j a 

' lu^SJI m]5 la^xuj jJ-iL-i (J fl mil pJ^Jl la * • a ( J-oJ I ^j) jaj-iuj jjJLj " II 
Igjwiin 2 U ...1^. JajUJ! Ji.lj II JojLJI JjU. I J! > V-V J£_<i j 

uJ 1 (J^Lk. I jJ-C II L^_i ^jj^j ^J-ll II I U * U A. j \ V-V (J's mi j^a-LO-i 

ijLtu-JI ^a^-j I (J-C i "■ S_aILi II '■ lu^aJI (j-a ^ 'O'T ^ .a mi 0 1 1 




w-v js^i, 



Jj^ll 3 Us; Lij~J Ijl .(>_ojJI '« I Jx. j-sj S_jILi II jjjp L-uxoill J a mil c-J^JI 

tj^ mi (3 ^-u^^ll (_£^ILll a.l_lsj <jl ^-ual^JI (j-o^ tA-ta£il mJ I ■ fl 1 ** o 4 Un*. 0 

jii^l .4-cl mil ujLiLc 3-ujLJI ^3^- cr*^ 1 ^ '"H ujjLic- j-u~> La^c ^'"^ * W-V 

^^HJI (Jji^JI .S^i-1! 3_ljLx-a * 5 a J * luj I ( J_C (j^j^s) 4_iauIj S^fl-i jj^j II tiillj t j- Q 
jLlaJ Jj^" '(5^-^ ilLtSJ i ■ -». I .^1 1 yLaLtaJl *j I lj . II ,j d , 1^ I ill 

.5_oi3Liil 

<ijJa 3 .1 /)', . Ijjj . ii ■ a U" '. ~ a I .((jjilal j!jj=>. Jx. ^^"l I a I £-V JLaO 

J^Lsua) 3'l ala. 3 i i^ijl J_£ j a mil 4_Sjia 'j ( _yAa\ JojLa. Jx. (_£_j1slJI 

3-iSiSllj SjjJ^JI ,^GaUI l-j tua.1 -(jrii^l J-C- 0 ijjljjj ^ I -nil Jj^li 0 < mLL^I 

(J Os5^ f I "'II ■ ' <jl I a ,\ 0 4j^Ij (Jjal i > '<<~* |^a i4_i_L^j*i!l I ^fl ) 

jjJj (^1 t(jnlnl 4jj£J - UM -v II ^ c, 1 a I - -• < 1 J_c SjJ^ll (_£_aja-ll N^-V m i>JJ .J^-ll 

(jl jj "i! la I '"II J-c 3 .!< II S^SJI (^j^jj .(>_ajJI j 3 j " ^ H 3jiil S^Sj Jali 




. 1-V Jllo j (jilial jUaw J^L I pi ... :\A-V JfLi 




■'-■*' ■ ~ I — II J a mil i_s_>laJ! J^j^. ajjjd! ji.U 



HLsinO -W-cosO = 0, 



(7-17) 



J .i. •>! flmJ! jJji, •>! ^ .H = (H72)cot0 <^£; dJ^j ial^J! L 
■ 0mm = cor x (2^) ^Li JLULj :(l/2)cot0<|L/, tfl '.H/W <n s ^ 



YW 




W + W 



-V JULo ij L ^oio1 jIj^ J^. i p I '■■ ^1 m" : Y * -V mi 



W' Lgjjj Sjjjjj Y • -V J^_<ii (j djLij .((jjila! jlj^- J-c (_5^-l; alto (J^") 0-V JliLa 

\ \ .60.0° iijljj (_s^^l (J^ J-"- 0 - 1 ^ ^jjj ^ <J ~ 1 — Jfl nil (j-a D <il oj-a 

aluJI ^ iA'"' 1 """^ 1 dKl^l J^L^ .1 = 6.10metersj W = 222 newtons 

3_a3 J! J I mm II .jU-...._. ^^L^i Jlil <n s = 0.600 jl£ Ijl (!) 

./j, = 0.500 <jK Ijl JI>JI 

4aJI '» i^j j\ „,j J „||| J_t ^Lfljjl (^-ail Lai = 0.500 Ijl (cj) 



Sal^JI jJ^lj 6 ! J^S (5W) 



\\ \ • 41- 



U3 l_K 



(jl (j^sjlidl ,j-a) a I '"II J-C Sjj^I.1 (£^£-11 Y • -V J's gl (j S^Ii-ll Jaia~>_a (juj .(_Li_ll 
4-fll in n Jjljj d II (jl^a ta I "ill J_c ^ jt < ^"" ^j^3 ' fl".'*^) d^^" (JJ"*" 0 Sjj-tuJI 

j t j 8 mil i_S_>laJI (.L^ a-LuJI J-C ajjjjl j~».Ll (a I '"II Jc ml (jc -D 

H = (M^/2 + M^'D/I)cot0 (jLidJlij :HL sin 0-1^1/2 cos 6-W'D cos 0 = 0 
: 6 I J ;H/(W + W) < fu s LuJ Cx£irf^1 ^ 1 J^J 

(1/2 + W'D/WL) cote 



(1 + W'/W) 



(7-18) 



Y\ A 



olft^3 Ijl l( JLULj ;D SjLj^ jjjj (7-18) 4JjL*il <> ^ J*i\ J 

Sjj mil (jli dUjjj '.D < L Sic I iAijI (JiLaJjj LgjLi iD = L (7-18) UjLlM 

^(jl^ Ijl |i I mil 4_a£ (Jl (J^jj^jJI ^ i laj m" 

(1/2 + W/W) cot9 

d + w/w) * »>■ (7 " 19) 

j illjS (1/2 + W'/W)/(l + W'/W) jbL«U (> SjLc YN-V J£_& 

LoK \ iuj^Slll JLuill (> V JL£ W/W j Sjjljlo lib ^LJI .W'/W 
L^a) 0 ^ ,? , (jU ,cot0 < /j s Ijl <ddjJ liLkj .W /W - oo ^ 

ilLuil isjjSi (j .jaluJI J^Jpl (j i_n in* J (^1 (^Jj 4-ojLll Jl J I mill ylaj-alj 

a ^ ,7, ^Li ,/j s = 0.6 (j^ Ijl J^Ljj -cot0 = .577 j 0 = 60° 

(J^a-ua_&JI 4j£-oj ^j^*-^ .V. ^SjI (jj^ •^■^ LiiLi t/J 5 = 0.5 (jl^ lj|^9 .4-nO II (J^a-ua_aJI 
(^1 Jl IjiSl (_5J3-> . *,° J LjjLu-o (7-19) 5JjL«II j^uj^l ^JjJaJI ixiiil 

If' = 606 newtons ^Li JUJLj W/W = (^-l/2cot0)/(cot0-^) = 2.73 
jJji> ^sj^ floJI (jU ,W = 1110 newtons Ijl .Ikj U"\ Jl^ J 

• ,0 J LjjLu-o (7-18) 3J jLstil j^ujSII ^JjiaJI J-^^JJ .ioill (j^aa mil J-uaj (^l 

J J! L. .(1/2 + 5D/I)(.577)/6 = .5 j ^ W'/W = 5 JUoL, 
4_U> j^LJ i^uUL UjS ^A,A Jl^ jl JLo o,VV = D ^Li JLULj iD/I = .940 

.Lo-\2 Y • Jl^ 

i_asl^ail LLoLoju&I Lj^\-a£ Liil <iJjjj (^1 Lil (_«, » n < (K nLixu*sll ^^a-iia^j-o <iJjJ J^S 

v2j*^!jL*-o 4 t-i rnl^aj (_5^SJI ^ o 1 - 1 -*^ l-S- 1 ^ (j^- 0 - 1 >— sSl^jil (_gl i Luis L j Sj„^ 1 1 

<4JLUI illoSlI .^LklJI (jc SjKi^fl* iiiLual vljLo^aLuj Jl ^U.L=JI (^jj fO-»-llj S^aUl 
lijlj i -i mm I fj-«-llj S_jUI Ci^jL«-o (^1 3SjS~> g-^ 3 -^ (IX nllxul SjOaJ.1 

.illuiSlI ^LU. j£ 4j^^L1 

(_5^al J-fjl ttlliA .4 (7i A. 4 1 1 i^i j I (J_c 4jJcLSj (j ("i-». JajLi. ^ > < s" t ^ I m (l) 

^jLiUi v±j"bljj (jalxJI (jjJa (3-o tJjJa jjc iiiil (^jjLlj ijjjjlj S_a2) 4jj()--> n 

.(iiiolj SjS iljLiL-oj iiiil S_a3 iljLiL-oj ^J>£. iljLx-o) Jaii 

Y\<\ 



1.2 




0.2 



4 6 



10 



.o-V Jlitl j W/W JJIjS (l/2 + W7W)/(l + W/W) jlWJ ^L^, :Y^V JS-A 



(jljJjLa.aj 2lj j-. * (_5_a2 O^lj <iJLla> .JqLEj O^Li lie j»_jCia l-U (v) 

j U- '» 1 ) jV* Un*. j 'i c. iy, dilnl (j* I ' o 8 a d U m|jj UM ~~ J_c. 4 a La n <La^Lc (_=>.) 

iJ^^a ^ dlLs, .(YY-V J£_i 

<L=JL*_a iliLa^ll £>jjS> (3^a (j (j^-aj "i! SjJai a Ci uuJ tg. J LaJI ■ i3 » > i LaJl 

,jl ^1 m-J^Ll (j^al^i. La (-^u iij-*-aj jj&l LaJI Jj l^jj I 

S_a£JI v2j"}!jL*_a cjjLa. iCiLad-Sll! I .(_£_aU!j .-.I Aj II i2NL*JI 3ijj<_a Jl 

•t5^l J^?- <l£f*J <j^-^ 'f- 1 "*""- 5 



YY- 



4 H m il 6St!> 
j-jj^ 4_iL$_s daLol 1 1 uqjI 



.^A-" 1 ^ ' ' Q 0 rt d " " v - (3 4JLL*_o :YY-V J^L-aj 



^iutLutf I tfpW JSLuiA (r) 
JSLi. jUal .\-V AJLuill 




,\-V 5JL^ :W-V JS-A 



YY^ 



Its' dl^j .^yiiSlI (Ia^^JG (3^) 0 ijjlj^ ^ .(*) Y-V aJLuXI 
^U^j! ./j ^ j^jUlj c^j ^^.pLL^I dK'-^ll J^Ljl^ . J_c liS'Lu 

.6.00cm (jjj^ldJ jjiJI) la ^ jc-j 10.0cm (j.^'itl J_c <_sj^»J! oaaJI Js) 

i_i <n->. .4_jl$jJI (j ^1 g- 1 ^ 3 ^! -9 = 0 !^ya 4_ilj-i if tin 0 SjLi^J LLiS Liil (_ya_/Lsl 

.^sUiNllj J^j^l 0 ~U (i^j J 1 ^ a" ^jlJ! /j c ia. _>aJI ixLiUI l-wi^I (I) 
./J c l-wi^I <u; ua _>cj h 3I"<II j! ^IS" Ijl 

tW <&jj) AB ^Vm (^"^ ilLuAb illuiii £>la> ^ <jj^) -V-V ilLuXI 

4_jj^) BC ^jIj a l~"** o 1 ' * 1^ Q .A (jjiLal J a 4 la ml^j 1 5 mjl ) (J-uaj-o 4_l^aia^ 
25 . U ^ P iiflil dLia> .B (julnl Ji<ian_i AB 1 .AnSII . J , ^ 4_ljiaj tW' 

i_i < 1^1 2 J£ SjjI^JI i-i ma.) .(C) J a mil ^JjJaJ! 4_>Lgj ale- BC i_nii^5ll J-C 

Ja^jj^ ,Ll 4J$iaj (^UaliLl Ml <Tll7s (N |^Sj) V.'"^ .£-V<ULuiX) 

S-jLgj ^ 3aU n M3 .(A) j^±h\ <ijia Ale (jjilol Jina^j (_s^lj Jajla. (j 

^ya j^jcio N jiJjj i_i i it-ia II A l"*s II ju^c (^""'j la-la. 4 U ail^j 3Ja_jj__jjsj ij^}- 0 - 1 *^ i_SjJaJI 
^JjJaJI ijLgj .(^UaljL icj^jjs) M2 4lK (Y jaJjj) (_Jjia3 i_m i^Q 2Ja-ujl^j Jiuol 
Jiuul (B) ilaij jjc (jiilol Jf^-ian SJa-tul^jj JajLaJL 3Ja_jjj-a Y ^jj (jJuuJl) j^tiS 
(j iC djaftjj I jic (jjilal J mi n 4 j-i '"1^ N SJa^jjja Y ^ > '\n\\\ SjLgjJIj <A 

iixuljJIj iiiiSlI d^j^jiJI cj-uia.1 .6 ^ ^jiiSllj Y flj ij^ljJI j^J ' Luajla 

^jjjl! <±jjji\j iiiiSlI (^G^jUlj .Bj A ^ J^. JajLaJI ikxul^ ,>Gj5jil 

jjjj I ^-a!la-a dla. {j^-* (jl ^ \".' J ^ f^J ^ f^J ^Ja-uil^jj 

[.4j_/^aJI CjLiIojlJI (^j-o ^\jalll £y\ 1 1^" < (^1 cja_i 



. Uj^ U 3 Us\ jic ik^^a (LijT M) SjUa'i 4j M 4"l"< 3^ .0-V ilLuXI 

YYY 




M 3 



.1-V ijL^ :Y1-V Jii 

iBCj AB Ua. I I ^ a SjjIjJ! .^yliSlI j-o 20° iijlj (gjlmXI .^LJI 

2 .l-5-.ll 

























, :Yo-V Jii 



YYV 



j»L*>Vl l£w*LO A 



mi-> II il ^. 1^. ifi Jj^!l (jj^j-" ilx^- 1 'jj^-^l J| ' mi'iILi i^Lcj^uJIj 

S^_^ J! 2 . . .SjjjljJ! '-II 4 ioI-^ J! 3 1 mjjb SjljJ (^JJ "^"^ J^^' JJ^ a a 
-Wjp *^)) a j J a a ij 4-3jJI j^-VC i i 4 . Ul . cll'i iS c^jj jL^i J ml d Ua'i 

CUJ 0 J-ua^l 2 US'. Jl 3 1 tn'ilL 4 ■» injj a " aj ill <*"!"< Lnmt-^ j-ilcl 

J^aU. jiL .d = dv/dt = d 2 f/dt 2 j v = df/dt Lus> <ol^cj <Gc ^juj f 

J m ; f F = md K jsJ\ SJjLjlx, ijjJ=J 0 Q?~n o .^AJI 

fxF = mfxd, (8-1) 



•gjiaJlj «ja (8-1) iJjL^ ^1 .jJJI II J-fc SJUI s^iJ! F 

SjjI^JI d ^IJI i^a£ ULJ i_i*,J^ .pj.nAll J-C jSjJ.1 (0 J^aSlI ikli J^) f 

:<JjbdL 0 J^l U^j fjM.fl! I 



I = mf X v. 



(8-2) 



^ = mv xv + mf x d. (8-3) 
.^.^ II (8-3)j (8-1) cAljL»il g-tlalau iV x tT = 0 (j! Ujj 
f = *k (8-4) 
(_5jLuij S^jSJI 4 1 n-.. JiLo) SjjI^JI <iJ j -."II 4_l^ J-i-*-o isj^-^ fO-*-^ iCiLnK IL 

■ (4 it-^ II <iJ_>^Jill 4_ija£ J-)-*-o 

ibj^jJLl SjUIj iijl^l) d^All) A±e£ (N) 

p.wnf II (5I iijj^l 5^5JI 5jLuuo Jx. IflSjiU* jit ia^o goljj I4J (8-4) SJjLslM 
£>jjj> ait O J-ua^l 2 US'. |j| .iliQ 2 US'. I Lilj 3/)-."^ S^2 ^SLLi .'Ij^'.I I 

^Lijljj-a jl) ssUji^I jui'i (j (^Lijljj-o _Fj r ^ i ( _ s i'iLli ^j-*JI ^Ls itLlill ikilll 
.SIjLj L iijljjl dj^JllI iixiS oj^j idL/dt = 0 (^Li JlllLj i^LaJj^l jn^ti 

i^l I '< m ^ ^ A" a < L 

iS^flJI (J-t (_gj"^> t I (_gj)" nil I ^jjlxuj nZulj iSJ}~ "' 0 *3 p ' H j-Sj (l) 

■ ^ l II ^jljjj^ll itj^uJI 4 -. J <p < Mt-» II ^jjljjj^l j-ua^llj 

Ijji) cj-iLii Jjjuoj v^L^Ljjlo m II Jl S^SJI _3-\>° <j-° J-" 3 !^ 4 " 1 1 g-^- 0 - 1 >) 

■ (_gj"i m 1 1 Ijjfc (j -» 1 1 1 1 ^» 1 1 4^_>^. £ja Ij^J '(cff"^ * ^ 
aj a" .L O-iUJI 4 j 1 1 ^J-C Lj^oc O S^SJI j^j-o J^L=»- (_gj" m n jj-aj i(l) CjLij^! 

.^j'wtitl j ^JLj r ^Li JIiJLjj ;I Jx. Ljj$*c. r (jj^-i a' 1^-°-^ (8-2) iljbill 
(jLi ((^Ljlalj^l j-jJIj £-no>U lj-^"n Leusi t7oj rb I = mro x Vo (jl Uj 



SIujUJI m-wSlI K i^llijj S-i-o^j S^^JI 




1 oU2\ :\-A Jii 



.Liu! CuLj Z jljJLa .L &l ^"1 3a <3~> Una Llajivj-ujl CjLij! (j 

L = mrv sm6 = mrvtan, (8-5) 

Scj^JI 'LS j-a ^1) i^^J! vsin(9 = v ta nj <Vj f 9 SjjIjJI 

a ~ 1 1 I fra uiai ^1 ia.LJ.1 ^ Y-A JfcJn j illki! .(r J^. Sjj^ojlJ! 

^ <u mim ^jJI JjjiI! (^Li JllJL>j ;AA = (l/2)rf t an At ^ At 

.SIjL dA/cit ^Li I $j .dA/dt = (l/2)rv tsn = L/2m 




YYV 




d J^JJ m 4jJj£ ma. .(^jjlj jLlo (j (jJSil (_gj" inn Jx. dj^JLl AJ m-^.) \ -A Jlia 

.(t-A J^-oi) SiuilL! (j cjIS JnLL 

jj ^Jl i mj .ri Li jJa2 i 5 jjlj (j Vl L&jbS n ic j-uu a ' '"-^ II d I illjdl (j 
:<_i_m^.l .r2 Li jlil . ^jJLual S^jjlj (3 a-lxuidl '*l^j^"« 1 ~^ c U n 

.f2 SjJja II a ' ua II it j~ju jbfl n (l) 
.jj^JI 4 U ml^aj a l tn^. II Jx. Jjj-lll Ji mil (.a.) 



jj^j^j ^LiJLl^ St. 'fl"ll j^j Lajlj ^ 0 a_i_tuidl ( J_C JJ^I Uj-i ^^5-* S^flJI .J^JI 

■v 2 = vi(ri/r 2 ) ^Li '-Vin = v 2 r 2 ^| ijjIjJI d^JUl iu£ 

:L\jJ <jj^.'Q T = mv 2 /r Luj 




(8-6) 



J* uJI SjjJij a I ' ^jji Jjdl 3 t- —Ij » W Jjj-lll Jit Mill v_jLui^J iS-l^la Jfl .nl 

1 2 1 2 ^ 2 

vv = -mv, raff = -mvr 




YYA 



SlujLJI jj myj\ Kjnliljj iljljjl dl^^wiJI ,3jiljjjJI J^JI 



1^-^) W = / F ■ df (j-o S j^lxo JAA1I <_>Lu^. il^j I ■»" Lisj! Jjill ^ 

Lgj! ,_^c S_aILll J-oL»jJI ^.liaixuj idJjJ jj_jJI .11 j-i-ij-i _A>1I ij .aAII (jl 
j-mJ! *r (pjMiA II J) oSMl (>) jj$JI L&jAc <3j£j ^1 3^^111 j .(ojIj 
if = -Tf C j„,AH S jiJJtl S^UIj, ,T = (mv 2 /n)(n/r) 3 ((8-6) iJjbdl <>) 

jj^JI Jjia Ale -j^jll iklj ^ JjLiJI fcU-J^I (j S-^-J *LaJLa T viiA^. 

^ ^ ,„--> || i=».lj| 'Ck^' -g ^ iJLu tir r + dr Jl r 

:(3j5Li idJjjj jjj .nil (j ^Luj 1 iiiuLeua ij£ Ifljlf, ^frn? n rdr 



= (-mvlrl) 

(s) 2 -» 



[fdr] 



r r 2 

-mvlrl 

J n 



r *dr 



(8-8) 



1 2 
= 2 mv i 



.(8-7) iljbdl j-a jli^L dJjj 
jJLuaJI iiiiLilLI iiLuJI J_c isLkJIj oJI ijjiil USiU «4Jj Jl 5iLi)!L 
Jl v p.wnfl l jbLa r + dr Jl r <> j^JI .^il; ^1 

^jjj L^a -(mv 2 /r)dr = (l/2)m(v + dv) 2 - (l/2)mv 2 J j^i <v + dv 
$ liotg! (jA'tSj L^a d(lnv + lnr) = 0 ^jIj dJjjj idv/v = -dr/r Jl 
.ijjlj>JI d^lJI Zi*& (j^aj <culi = vr (j| (^1 ilnv + lnr = const 

■ 4 a .nllLaj 4_fl_ij! 4 i 0 U'i a 4_i_j_i K mK til 



oaIj f>J riA jJ^Sl 4 fltVll (V) 



f^L> J-^ J^i ^ Jf^') p.' 6-° J^' <jj^il 4-aJajSll J| (^Sll LLaLai&L 

:<jl tf! K8-4) iljbL^U C j,„4 J£ .(pjM.f II 



f j = [f = n x Fj, If = rain x xTj] . (8-9) 



(_$j-*J o.jjji-11 ,*jLs io.Lialll (j v2jLaj-tua_ll I (8-9) i^jLsua I j« n% lj£ 

4_i_a£l i_SjjJijjj .£_>Ludl J ifiall (_j 1*1 in cjLi-tu^! I ii~i » l (_ji"^J 4 il-».lj jjl 
:Sjjill CiLn\ ma II iijljjl djaJLlI CiLj-o£ £ J-aa^a LgjL iiKJI SjjIjJI djajlll 

L = Ym i f i xv i (8 _ 10) 

i 

:j_c J .^Vi 

^j5i T ex t '- 'J"" 

I aJSj a i ma H ic j*juj £-na_J-a LojSi l7jj ^1 (8-11) itaLnll jla'wnl (j LLuaJLsl 

jjl a a iXa LaXoil lj| Liul ia_ia_u~> (8-11) 4jjL*J.I -25 .5^ II <j ^jj jLial (j 
(jL&j-Jl) to.1 tall! 2I"< j£ ^^jj, Lg_l Jj^l 2 US'.j (SjjjuJI »ja '-II 3 1 milL) Sjljjj 
3I"<II j£ j^, (2,1^ Ijl Cj^uaS IjLU dj^i 1 JjL-JJ ^j-* J^-° (-0) 3^>la (j 

jjl a 1 1 l i — *'l La SjLc I J '-^ lj i(<La_«j i^^aJLa) LtjLuiLa 

4^-JI ^IjLjI (8-11) a.>JI HjL*_aj [P ext = MA C m] (4-20) S^UI IL)L*_a 
JjLuJ.1 JaJ c^-JLujI jj^Jaj jJt> LijSi LlsjjSij tlj_ajL=>. Li ma. a.1 tall! Ijl LaLaj 

^^~i°'i i_ S^-to ligj i(_j^-aj La t~i 111 1I CjI 1 ii-iLjJI (jjii (jl (J-C (jda^La-a <4 t-i 1 null 
(_gj)"i 111 n (j Lojlj d j -. "1 1 (_5.il! «(_jjJJ(jJI (_jj» J^j-tuLaJ! a 111^. II LujLujI LLaLalj&l 

(j^-a-i -4 a a ifill SsiiSi J-C (_5J_a^-*JI isLaJj^l (j 4*s n m JLuil (__£_ajj <4 ^. Q i^ll 
<JJ^ (j' -^J^- 1 'I (j^ a "' JLajS>| (j^-aj *i! (_jH-ll 4j_tuL=dl a.1 ntVjl I 1I J 1 1 "1 1 1 

4_LaL^_ll 4_iLaLiil) . LiilS "^LiLoj a m^. II <'ll"l<\j (jlj iCuLi (_gj" ml 4-ijl_c^a a Mt-» II v^L^_^. 

(.(cj) J-^J-a jJajl .JUJ.I lis. IliAJ Liik.Lj i_S_<mjj SJallll SsigJ 

iLaj-iC t II ligj (jji-i 1— Sj) iii° iJj-JI (_j;jL-»l *jjjjL-». a ma. I laa. I '1 n mj lj| 

lj .t (jjaj jit 4j5>LaJjl_5 4 » 1 1-1^3-1 4jjLLa t + At (j-aj ii^- (jl 8 l"l-> n aL-Jjlj j-Li^a-a 
t + Atj L£laJ>J! Ale a in-s II J£Ju jJaSlilj Ji^'ll (jLua-llI Jlaj (l"A) J^-<i 

^LjUl <>3Jlj (t <>3JI) ^l^l <>J>J! (_J^ (^L^ 1 cth? ^J 1 ^ 1 <l£4 -J'j-J 1 0^ 
(jl^ Ijl ii^-j* A0 ^^-culj csjjUI je- 151 "-? (jinS'i ^ (t + At (>j>J!) 




t^lfllll <jS>Lajl ^yjljjj^l <jS>Lajl Laa II Jxia_i itLJI ujjLsLc £a (jL)J J ^LlA 

SjjI^JI a — ^ II ic _/>jj • mil Sr. 6 1 a " I (jj^-c- ij (jljjJ-ll (jL^ Ijl SjJLu Ifrxe — *'j 

• "^11 J-C i_SjjG CO 

to = lim — . (8-12) 

At-0 At 

UjUA. II J£ ^ ja ,„-. II J_£ alio mj (_g3JI JaaJI ^ La J-C. J n"l ■>" iajLill CO ixuS 

.^.ujLa. a ma II <jl 4_fl_i£aJ a u 4_i^al^JI jnfl'i JJ<& 
illlj JaaJ 2^ 2ja_i_>laJ!) 4jjIj Lfl-lic j^-S-il a '"7 II O La 2 US'. ( _ v iJLsl 

IjUal I *'JJ I a I jLiaj .(O UC a-uiaJ! J'ila. i4a_£LuaJ! J^. Li J^a-aC- tlj^aa a jj-aj ^1 
2 US'. J^aa. a II L 2_ij|jJ| .'Ij^'ll 2-,^ ^yj, La .0 jjc <J Jj^a^l 2 US', I 'JJ 

O <> UoaI ; ( 0 " A J^O 0 4 4^ ?0 J^ 1 

O J a J 1 1 L&Jjlj (jj^-i ^jjJI 2 .!".< II 2 US',11 ^Li \j < \ tt>j .^ulLi (2,1 (^^-aj 

0-A J< mi .Tj J-C. LiJ^axiC 4j5>Laj!j Vi = \(VVi\ Vi I j""- j-- <aILa jljjLa t^J^-i 

Vi ^Ls <2_iJLu CO vlijl^ Ijl <(2_cLuJ! ujjLoc. fclajl (j (jljj.)) 3-ia^a CO 2JLa. g-^J- 1 

fj x Vj = co I fi I 2 j, (8-13) 




j 3 ,|-<ll 4 U5",ll it :0-A J£_i 
•^-A O J^aSl! 2U5-. J^j. » aa II L 2jj!jJ! d j^lJI <^c& 

L = I (jo j, (8-14) 



7 = _>> f r?. (8 _ 15) 

i 

Jj^a. i_sl^ JjLoj LgJj (O L&j^j-a Sj£ Jn iii*) jL*-l! 2j*^jJ| v^lj a, I m~J^Ll 2 . ,„\ll .j 

j^j-^a j (jl -K/^ (lyClj^Liu ">! (8-15)j (8-14) ,j\jJ.jL*i.! <0 

^IjjJI jj^. n ^ 3jj^ojl1! iiLuil iVi ± I^Un Ja^i fj ((8-15) SJjLsdl (j)j (jljjJ! 

Jj^a*i!l 2 US'. J^L*>. j jj^ 1 1 Jj^a. » aa II ^Ij-ll jj I* ^3^- ^ (j, " "" ^ SjLc 
iftA/L^JI (j J (jSl ijlXo-o ^fclU IjAij a ■ II ((^IjjjJI jj io2 II" I -I I I ^yr, I II l .0 

(JuLlJLo JVf (jl I ^1** Q La a "-^ I 4jj|jJ| 2_£ j^uJI J^JlI 2_ijji_ua (juLlJLo ^^^A 

tLtJoa II 2_c j^uJI j^-ij Sjjju^a 
'•^J ["Text = TextJ] J-t LiJ^ot o3^> 2JLu* j 

J.^-'' Of = d(JO/dt iijljjl 2U .11 v^ljjaIj .Text = WtO / dt(8~ 1 1) iljbill 

Text = /«■ (8-16) 

2U.II J-jji :Ldj AVi Li£ ^1 ((^a-^nLjlJI 2a i^jJIb ^ (8-16) 2JjL«II 
cH*^ uj^^ O^k*? -^lH ur^J ' f "'? I I J- 2 - J^J^I tr"^ f I 'Sij'^l 




.(il&JI ^IjjJ! 

a.1 ma-SlI (jAjuJ (_jjl.UI jj.^nll <-2 (jl (8-16) itabdl ~l ..N ^1"^ '■ 

•2U. „, .ll 5lu,UJ| 

.("\-A J's mi) 6 j^J-o £> . °'^''J TYl d~l~<) jjt-l jj .^a (|) 

/ = ^Tra^r 2 = r2 = mr2 - (8-U) 

(3 . &j£^)-a J^^a- (-^ *jt-»Q ' Q '^\j ^ 4jJj£^) aJiULa ^y^^ * o 5 (v*) 

LIojjiS Ijl .Jj^II 2 US'. ^ iiJli-o jL*j! J^. iilLL-a 2 . 1"< ^qLIc (jj^j SJLaJ! 

Lftxoj (>jjj!jj SjjJaJ.1 25U II 4ja.| , nn ^Li <(V-A &) SjjJC vZjLLLa. (Jl a ma II 

cr l .(2nrdr)a ^ 25U II 6 JLa> IKj t 2nrdr ^ r + drj r U^jjJaS 

f R R 4 
I = V (2nrdr) <rr 2 = 2nar 3 dr = tt<t — . (8-18) 
T 1 Jo 2 



(8-18) iljbd! J = (1/2)M« 2 Ij^j «M = TT\R 2 cr ^ ^^U! 

jjljJ! ~ talll I (j^sjUl ij ;(8— 1 7) iljL«IL L^IjjLLa ale- cy j-*-° I4J 

.-R (j-o (J3l j£>U (jc- 'it I (( la uijjjl I" 




jjiJ! <juj3 Ij! .(A-A J£_i _>I^!) ^(M/L)dx 4"<!"<<j 4_l^k i_mi^5II 



M 



x dx 



-ML' 



(8-19) 



M 



ri/2 



-ML . 



(8-20) 



-1/2 12 

Ijl ^Jl ^Ll^-j) <LiLa- Un't (J^=*- P taj ** o {^ys^s ^\ la j ^ * o 5 fO^" (^) 

■^Ij-JLtuL jjja_la J^. JpL>^' UJ^ gj~>-^"" f '""^ J-C- (8-16) 3JjL*J.I JjjjJaj (j LliCj 
(jLs <dllj .J^KjJ! t! _>iJ i u-i^aj O^La-ll £sjjS> (j .(j-^al 2 US'.< jjjjLalll 2 US', 

•(v>)j (1) ^"^J" il^OJ l^^ji ^j^' (>> |V '^ aj 3U. .... SjjJii 



vri 



K— 


dx dM 
H K 


- L 


X 


■ 




> 

X 


M 





.M I 4Jjl= ■ ■ :A-A Ji^i 



d h ; m ill iLul Jl <i£ j^il ilial (V) 

j^aS /cm 'O J^=- uJ^-v f fO^ 

JJ iiKJI 2I-<II M :7q = /cm + Ma 2 ^Li -<r.l~< j£ j^, ~ II ^ui: 



Sr^lJI jL*jS!I 'J>*ic.l Sjjl^l <-;j-lilJI oL&^j 3I-.<II j£ O 3iLJ.I a,j 

(j^jjUlj j^jiaJI j^^S j^-o^ a' (5-^ lijjJijJI aI j^j m Li 3-=J-o J i;jJ=^U 
.JljUl J-c 3/2MR 2 3 2MR 2 L^s, IsLJI J_t ikli r U--.tl 
.JjLuil jAju JaJ S-iil^ Sac. (^Sll IjjjjJa AflJ 

^ • • <r. I"< > U.~*. ^ (_y3__>3 ^ SjLic iilia. ^<K*^ I jtj^-o olj iilia.) Y-A JliLo 

Y * , * L&jljJLa 4_i_tuLa-a ^H-j ,>\5~* ' fl" Q ^ **' r ^^l^JL^.1 g^ q I j I c. 

■ iiljjaJI 4-Sj t"i m* (_jjJI (j-ajJI (l) 

3 

SsLvjI (j i °l" Silda II (^1 a'i mi la ■ — illlj ijjjajJL 5JI .ni l 3^ "'•*' ■" *^jl -ij^l 

icLuJI ujjLic- b\ ^"1 (jn^c (j J-ojij 1 1 5_jSJ F 3 1 niLall 4_»^_jJ.I .itLJI <_jjULc. 

J^a. I j'.r glli "i! 1 1 LgJjjj ^pJI SjS II 2 .j US II , a,-^'. 4_s^_jJ.I jl taa.'j) 

v"^) PR GjljiLa icLuJI cjjLLc ^1 -"I (Jjj^x. (j Lljc da I 1 1 .(iiljjaJI j^j-o 

oiSj l^j = (l/2)MR 2 <x :(8-16) iljUll > LbJ .(>^JI , L^j = « 

SjjIjJ! <£. j^JI (^Li <no yt, iil^iJI j iuQ JiJ oljj Jl jac ^l^ Ijl a = -2F/MR 

.coo = 2Trrio iuljli^l 




,^K^1 ^_i< « olj 5ilj^>. :1-A JSLA 



i«4jjLj d La » ■ S-uljjjJI II J_c LoLsj ^g^l mj II i Jj > U " iljlj d La » I Ji ill 

SJjLa^i Ci\ a Lljj m*j| (jj^J .(^ — ► 0, V — ' CO, CI — ' tx) j^j-ajll i . i ml 1 a j_o 
:LjjjJ (jj^J i^ilj J-c c-LIj .JjSlI J i<-iall j OJjj ^jlll <iilll 

0= 0 o + co o t+^at 2 , (8-21) 
co = to 0 + «t, (8-22) 
u) 2 = col + 2a(0-0 o ), (8-23) 

0-0o= | (to 0 + to) t. (8-24) 
to (jl J-c LiSLsGl jL^j^lLi litLuJI cjjlilc- £>LaJjl (j 3 .-^j ^ Lgjl J^. 0 ^Jjjtj 

.4-cl Mill - ij I o c ■ /jlj^jJJ A i o 

J j^i .to = 0 j-^s^j i(8-22) itaUll (jx, 3ila=JI ^aSjlJ ^j^Ll! T 

— fcj Iflfl^ pUS! iilj^J! L&jjii ^1 0 iijljjl -T = -tOo/« = MRwqI (2F) 
.0 = (l/2)to 0 T = (l/4)AfKco§/J r ty J a ju Jitt (8-24) iJjUil ,> j!£t iJ^ou 

m 



9 

Ja j ^LSj^l JLi-jLl .9/2TT mm i aaj'll pLiS! iiljaJI I J A I" ^jll! vTiljjjJI JJC 

Nov- = oljjJ! «T = 157s ,to 0 = 40.0Trrad/s ,« = -0.800rad/s 2 J 




4j fc£ a lalj a (_y=_>2 (jc- SjLiC 3 al i- II N • -A J*s gi (j .( JSjj 3 I in'm Siljja.) V-A JLxa 

.5ilo=JI j_c j,^=J.I I4J jisjj (jjlJI S^UIj tSil ja II ijjIjJI 31a «Hj <(JliJI) i_JLEJI 
2U<- j,| ^1) a Ji^ul Jj JiiJI 2U<-j a 2i\ .\~> II SjjIjJ! 2U «ll - ,' n j Ucj .J=JI 

■ i_JI all S^aill 3JjL*-aj Silda II <UjL*_a ■ . u&j Ua.^a CX ^ J£ (jjij 

•<j' J- 2, ^ fO*^ iljLi-o (j^ajj 

TR = ^MR 2 a, (8-25) 
(_y=ijj ujJLSII S^ILlI iljL*_aj U .x. II ,j j ,7,11 T 
rag - T = ma. (8-26) 



vrv 



<ilJj£ jJSII ^l^ ji 3_bL»^ JjK Si* T = mg J (j^ljlsl jjLiJI LkkJl <>) 

aj«^ 35^ J^>^ j (8-26)j (8-25) ^HJjUi! .(il^ <-J\&\ djaJ U 

^1 4 Ojfl ~w (V^a gljj ^jll! i«j a ££j 3 j*s j'LnM's II 3jjNL*JI ^jjSi Sjfl'fltl io^Jjiil .Tj 
3-i^^a AO) AO S^ryLua 3jjlj jjSl 3il.A~JI C^l£ lj| -LS_iQ Jkj Lsjj. II J^JI J^kJI 

'.RAO (_jjLuj Silj^JI (3-o jj-^JIj II JjJ= ^Li i(icLJI cjjLLc £_a ^Ijjjll 

'.Ax 3iLu-o U^j ^1 i_JLSJI ^Li <ljjs> J^. s-Lajj 

Ax=RA0. (8-27) 

At - 0 J*^j At J_t (8-27) 3JjUil j^k n£ 3^„,tu 

^ =R ^l =R(j0 (8-28) 
at at 

t Jl i^uUL (8-28) 3JjbJ.I J^liljj 

a=^=^«. (8-29) 
at 1 

goljj «T = (l/2)Ma J,r.^i (8-25) 31>bdl j (8-29) 3Jjbdl JUoLj 

(8-26) 3Jjbdl <> 

a = i , a^/o = • Rcx - (8-30) 
1 + M/2m 

l_y^J^ SjLc LloLlaj j-\jj<j SiljjaJI (_y2j£ J-C- jj^ 1 1 Lg-lj-u S_aill il a 

jJajl) SiljjaJI J^. ■ ajfllll U .A. II JjJa ^ Nl '1° j-l£l Jjia 4-iJI ULiia-a SiljjaJI 

Sjj^II S^flJI (^Li IjJj iiojjlxubo J ' a ' ( j£L"' "I lajJl IjjSi 2 1"< j^j-a .(\ \-A J's mi 

SjSJII) M^j \&Ji SjSJJ.1) f r U&UI J-fc SjSjll ^1 .^SftLu r U&UI 

:(jU <F - T - Mg = 0 Laj . 3U.nl ^ 3J ^ jxa F La S^Sj < ( J-cSl 

(j^s _>2) JlVill jx. [F ext = Xi^i^i] (3-10) ilaLsJ.1 JjtU't F jI^-jI. L^jI It<<^ 
Jl lia> ^jjj .F - (M + ra)g = -ma J_c Jj.^ IU, .( Lajj. II + <_JLSJI + SibrJI 

.3JjLuJI SiLjiaJI (j La£ F ixLiS (jJiilj 

YVA 




m 



I 4/ mg 



i_SjJaJI (^l^ 3-iIoaJI (j .j^uj^I iijJa jjc (julnl Jj^La (J->jJ= LaSla ■ Jjoj-o M 

3_oLcjJI .*■! 'jl t^S^I ^ i^ij (j Ljjj-o pj^ < '"^ i 3_oLc.j J-c lojluu i 1 1 iAS II (j-oj^!l 

•■. ■ '"^ I SlaJ 

.3_oLcjJI illjl Jj3 loIII J^. J.^qI I I4JI1J ^1 -F S^UI (\) 
.S j^iiLxi ixiLcjJI SJIjl jju y ...AnSII 5jj!jJ! 3U .11 

ji=JI i_W^ fkjjjlJI ji.L -(j,^ '"^1 (jljj^l (j 3JI mo (j^ SjLc (I) C-j^vJI .J-=JI 

jjljS-i!) ji* .FL - MgL/2 = 0 — F = M#/2 LbJ ^jij <V A^iJl <>uSll 
J^a. -LjjjJI ji.Llu) n. iAS II j^vj cJjiaJI J-c Mg/2 S_»3 Jojj ^1 Liu! 

3_ljL*ja (j JxoiJ I LjJjjj ^jlll 5_aill j 3 taj (^J f-Llij) J.^»nl I .i'if Jj^a^l 2 US'. 

J ' M 'J ' ( d 1"'^ II j^J-o (J-C- SjJ^il) 2 » i.M ~* II S^aS Jjjjia gtjj-l ' *^jll (\>*-^ '((O-*-^ 

.a = 3/2g/L (^Li lj<*\a MgL/2 = l/3ML 2 a J^. Sj^Lx, 2-aL.J! 2^.lj| 

(3 i ml jJl) 3 i mLall <J",U<- jLi <L Li jlai i S jjlj (j o ^oj^I i_i jJaJI ,jl Lojj 

(_goJ 4j| 35 <5~> ( \ Y-A J*s m) U i i^i jS^"II c, i 3/2g ^\ '.Lex 



A/ 



J a ^j^Ja t^ c 'l a ' J ^ - * ' •^'S :\Y— A J^s mi 

^^j^ ^xia ) 4_i JLa *j U ... ^ £j-aJa2jl Ijl J^l 4_i_tolj 4_L^C (j- 0 - 1 *^! t-_3 > _jJaJI 

<j Jill LxajJl a j^J (j^-o-i ta ■ UM -. H iiI.^qm J i^^j i5 uALa Jx. Lj-ti^Ja 
4j Jill LuajJ! <Lajs JjI~' CjLuajJI ^ LLua ^Ls f^^ul^JI fcLaj^l (j <Li^a_i £^J^ lj' 
d la » ■ d U il j II 3j JU.I I ' — » II i_S_jJa d>VJ-l i— Sa-tu I «a al d_i (iLluaj LaJjX. 

pLul I II jji _o I f 1 1 n 1 1 1s2l2*. j> j .Aj^i Sj^a-uaJI jfl laj .4_ilfll!uJI d ujta II 4 1^ C 

jJa_La d-^Jjja ij-^ L/-"JLa. (J^ta-oial (j-a Ijl iJilLi ijjiuol Jl L^a^jlj 

<j^-J aJ La ^-aLa*i!l ojl d ^ ^ ^^-a Ij-LXJ laiS luj t-Ji^-tu d ^ I j 1 1 (jLi <P-^aJJ 4_j Jpj 

J^' n ft ■ I^C Ml O O 

S^flJI (j^Ls 3.'^' 'Sj^Li-a dLaLcjJI illjl Jjlj J .^a 1 I LjJjjj ^jjJI S_a£JI jla-l'j 

J\ (l/2)l0f ^ dl~<l l j£ j^, dU<- dU- II I jsjjSi jjx. .'j '-^al' J-£ [Pext = WAcm] 

F' S^aillj (jixJ Jl) M,g Laji ^ujASJI J-c jS^J.1 ^L\aUI .Ji_<J Jl LLJj 3/4g 
(j^L; ^ (>j <F' -Mg = M(-3g/4) Ij^y .J^All Ldlu ^_U» Jl 

(M#/4 J\Mg/2 ,>) LjI^S ^ J^iil l^lu ^1 S^l J .F' =Mg/4 

jj^" II d U.^ I SU>_s 
dl"<ll j£ ~l ...I ■ iljLiL^ < F' ZjlW Jx. Jj II Lisjl t^-aj 

~l (3^-ajj (ilUJI 4>1& j I uojI Sa-ia ua (8-11) iljLtll Ji J^al d U5'.< 

Ja ^ij d"|-< J^. ^_ujU. a ■■■-^ I iij!j>JI d j^"" iix^ cjLulsJ (8-2) dJjLiil 




0 




J^a^a. a.jj<JI iljLsL-a i "'^ *' La J 'if. 4jl laa.'j .^jjljJI j j i a fl 1 1 La^ ^CM f '•**"' "'*' (J* 

J^. jjJj L$jl jl ""-I ilj La La^c uj-i-uij ijjjL=J! (^Li <CM 2I"<II 

r^jjji CM fO-*-H 5JjL«-a la's ftj .icLJI 



-ML 2 a. 



(8-32) 



2 12 

jiljj La j&j t F' = l/4Mg J*. Jxoa-j a = 3/2g/L JLijL> 



LiAjI ( p 2 5 Lij^^i (jAuJ ^^jlIIj 4_i^jLkJI Sj)Q II ^ij^L*i jjl (jLxj (j^!l * 

^llc 4_j^Ltu a ma II JaLflj ^ifl'fc /jj^j gjl Ja j%oj "'I a II a "-^ II <jlj^l J-i^LjJ i»_sL^ 
j^j-a jli .2 .^jl A. II S_aill O oi^Ll Ijl iLaJalj a 4^_^ SJLa. ,j (jj^J jl 'La 2 U.^ I 

Sj^jUJI S_jUI •" N *" Ijl <jl jlU Llilj all .ililj ic j^u-i d j^"" jl <L^Lu Ji=u 2I*<II 

Y^ 




:UjjJ (^1 Lojj . ( _ s i'iLli (2I"<II j£ j-a <illj ij Lu) 



T"CM = ^CM ~~ 77" (8-33) 

at 



[_a d 1 a '"^ II ^! iOJ — 0 (j^^j cj- 0 ^ iCxjLj — CO (j^^j <jl 4_jLi 

iljlj 4£j^uj jjJj J f> »I3 II (j^-ail <j-a jj^J ^Ijls^l lla> jj-lj] IjljJ (jj^J ^ 
tljO if-* (_£jLuj a ...^ II J_£ (V* Un*. 2 . . ...'.II 2_£ j^uJI jli iCO = 0 jl£ Ijl .[Sj-lLj 

21^^ "■ ) (jL^j-JI A-a_3Lj 4 1"^ II (Jj-o ^ ^.ojJI (JjiAj LgJ jaLSjJI ^in^ (j^^j O -0 ^ 

• C-J J-l JJ-U (_^J^3^-11 (J-°3^^ U"l"^l *(^-°L) "1 ^ 

ijjljjl ^6 ^ .J^JI 

$ jlj^ ^'^$- J s 5) (^"L)-^ jl-"i-» tjl i lu^SJI tiJ Lo*li£ 4_i*k.^-° $ ^^^j cL^q l^J mj j^jJ-II 
SjjjLaJI J.^»nl I J^a. ''-^jll a.j-*-ll . (icLtuJI ujjlic- £-0 ' "'^"11 JjJ-> I 



SIujUJI m-wSlI K i^llijj iijIjJI i±j£Lj ii±l\jj^\ S^^JI 




icLJ\ i_.jLa£ (jn<r. j fO-»J! J ^^IjG IJLJI SjLi)!!) t = (-MgL/2) sin6> 

i^jji <LLL»_a jLi liilj J-c.j .(ii^l! 6 Sjjljll 

-M^ sin0 = lML zd j4. (8-34) 

:J_c J.-^^ '-I sin6> J=^o 
§Ml«*£ (8-35) 

0 (t) = 9 max cos (cot + 5) , (8-36) 
^jjJ! ,>jJ! .co 2 = (MgL/2)/ (ML 2 /3) = 3/2^/1 ^ 

7= — = 2nJ— . (8-37) 
co V 3g 

-Mghsm6 = I^, (8-38) 




(j .0 ^pliJI jjj'^all ^ I j CM 5I-<II j^jjj J| 0 (>a SiLuil ^ h 

2 U > ... ■ Sjiiljj S^^a. LiijJ ^jfs ij sin (9 "jljj 0 g, iAj S^JLuaJ! oLijjjJI SJLa. 

.T = 2n^TjMgh iilaj SJlij to 2 = Mg/i/J :LgJ 



AA^JI^^a. (£) 

J-iid! (J-a < Jpl^jl ijj" 1 L° ^ la "' jJ-C- Cj^L=>-£ ( J-t J aj • * 1 I JLH.I 4_<iu2LLa Jj3 

Lgjl La 3I~> ■»! JLflj .(jpljj! (jj-^ 5^_>^.jJI ^yj-aj IjLa jLl^l <j j^-J-i 
(j^sj'JJ (jjixi'JJ.I 4 La ■» II c-^^^?- ijj^- 1 ij' ^° (3°^*"' ^Lij"^l ^ 1,v > (j clijL^ iji 3"^->^' 
.^^aj^Ll d « mill ) Li^L-u (j^^j e-^^aJI (jl (_^l) Ij" (^.jl- 4 "-^ «4_iIajaJ» <Lc ^oj <J 
4_j^La 4_o"^Lc. i " ' * . Ijl tSjjviLo CjLj_i^^. la * * <jl Ljj^j-^ i n I < ^Jl a II 4juqiaj 

jjc 4-i j a in I j"" - ijj^-" i^-sdl jLi ijpl^jl (jj- 5 - 1 j^J^ <_pJI d 1^ •* II isL». J-t 
JjLJI Ijl 4^1 Ika-NLi 'djjLilJI J-C .(_)^ JS!I L^i ,_>u^n ^1 ik^JJI 

4_i^Lsl ic LgJ (jjii jLLs^ll f-^y^. Sjc-Li (^)Li '(' °lj^''l (^jjj) SjLujJI 

^Ls Ijl (d^La »H <^ is j LaJ 1 1 ilLJI (j g-^lj Ij-*) (J^J^ <*-i-uiilLi SjgJa " 

J£J ^1 fl ftlll ^{J^J a II (jL_S .^J^ * I I S J MM ^yuj^j-l /jL) ' ftiXi Sj I Willi ^ ' j- " * i J^!il mil 



Y£ 1 



SIujUJI m-wSlI K i^llijj S-i-o^j J^JI 

LgJ Sjl i mil v^jl^ j\ 0 "*^ ) 3 ' J ^ ^ <LiiujJL jljjj! <J (j j*s i S-i 1 15 II * I a <* 

.(iuiUl 



2ttR H 




4X. j-oJ1 f , ^ la ui J-C ,3*^3^' LJJJ^ -1 ^ J ' ' R *jUa i a .^.'t ^^jlj a_ma. :\V~A J^-oj 
•f CM — COi^ j-A 3 Ij£ H j-a jr^j jbo CO 



u = 2toi? v = 2u)R 




Jx. d Up** ^1 4_t j-oj jljiLo ^^a-i LiiaaJ dJi^Loj ^ la mil (__jjjLqj d Uo*t 

•(jl^jJ-LI 0 ^ LI I jij)-^ 1 1 jj"! ojJI d Uo't £j| ^yil ^/LaLi a '<<-v II 

jU *L£Lu Jixu^l SlajJI jl£ '4 

■J laflj) j a mil p^^a II J^Li. j-oj jj" a J^ya- JjJJ <iajJI jl jl lie I Lg-il m~>. 

£i jjlj jj-c e-^^^. <Lc jljJLa (j^^-j <<illj pL±j LiiaaJ 4j^Luj (j^j^j^ ((JjjLojJI 



Gj^at itj-j±JI fcUvjl (j 'J ((SjjI^JI icj^JI COd ^jjfc (JjjLojJI SJaflj (^ya 

.c-^^^' til 4 US'. { y a (Jj^al^JI Laa I) J-t 

( _ s jJ) 2U .11 J_£ 3 a hA. 1 1 oljJ>aJJ St^JI fl^"" (jis N A-A J5L£> (j 
31a-»Jl j^j-a it j-jj Jx J ■ a a j .Jpl^jl Uj* 1 -' (i&LtuJI uijl Sr. al —~l (j) ^j-^ jjj 
(_£jl_a-i LfljhLaJjj^a V — COR it ^-uJI jl U3 o i_R d La aul ^Ja£ i q.^'« ^^Ltuj £_u^aj 
i^LaSl! J! <jS>Ljjlj 2tO_R ^jS> 31a «JI J-t P^Ja- J-tl it j~ju jljjLa (^1 laa.'j .Jjj jJaJI 
iaSLt it j-jj jLi titl mil (j "iio "\ • it j*jal i'Ij-^Ti Sjl i mi Cijl^ lj| 4jl (^>j liiljjj 

Lajit Omphj jUo^l ia2 jx. ^jii La jit 120mph ^ jlL^I jx. i%ilo Sjjla 

tj ^lo^II (c5J J J' A ") '-jl^ ■ '"II J*s m ia^L«JI jl inn jji.Li •j'-^' £,^2 jit ^j^J 

jx. Jj.-^^ II (>ojiJ 3 w.mIL v = coR J^Ui [liljUil gOIlxul] ^ < \-A J£_<i 

.[ J^J>jl (jjJ-> i?- _>^-jil.l 3Ja «JI j£ j-a ^jLuj] a = aR 



J-C LiJ^ ^^"^ d ^ C J-^ d O MljJ (5^J1 Mill (^J-ljdJ1 ^^-A Ml 



J^JLi. j-ojj tl it-^ I (j^Ltu a J^?^ l_r^ 4-la-»Jl (j ^^9*11 (j-a "isi 

rt J^a^- j^o*U La^lit 4_La_a_ll (3 4j^L^-a d a > j U > j^flj ^| Lij^aj (jjjjLajJI 4_l^flj 
131 Ixa ml |> a '^ijJI LojI I J (_jJi CO iijljjl itj^uJl) .6j^j-o J'JLi. djaJj a 

_/u<iu (_£jJ! 6 1 aJj^ll Jj-»-oj i_SjJlj CO (^Li n_jjLi. Lij-l-o I J* Uai. LIaxuj 

J's mi ^i '<\a-i Lj^mJ I Jl I J &l a^Slj CO_R it j^u jljfl n '*lj--~ 1 1 jj^ oil ( laa II ljjS> 4-JI 

it j~ju I 'ia i^l lj| -j^_>J-l J'^Li- jj- a Jl iixullL iilLLil cjIjj^^' oLtj-jj Y*-A 

^yjjl it j^jj (^)Li t^yfraJlll ^vaJLl Y • -A J*S mi (j itj^uJI J aJ a Jl j^_>il 

jll it j^u Jl Ijji iiLuaLj '. j-aU 3 1 mi'iIL (jl mhII &L=vjI (j) CO_R (jj^J <=-C5>?- 
(jjiflj LaflJ (jlit ^aJI t^^lxJI C 'UZJ~* 11 4 ) ulJ II ) lj fl ^^Luu it ^-uJI i3L_u£3 (jl tla^J 
LjjSLaj Lgjl 3£ j^-ll (^|l mii ^r^-fllll (j 3iLi jJaJI is jjSi Sjj-a .V = 2(l0R ^1 la jj SjLii^l 



,<JLJ! 

*— nil^a . Y * -A ^J*s gi (3 d a i o^g 1 1 CjL^ ^oj-11 ^Jl ^ g a J a V <iLuaLi C)15 11 ^ * 



*^_4uLa. a "-^ 1 d_Luua « n a J {J\ f\ \ 4jI 4 0 \ 0 ~* 4jLsLcu_ll d mqllll ^ i^jj 

£4_>iJI (j ^ t-\^> HI (jljjdJ! j^a-a £_ti^a .<£jTi n JjjJoj (jljj-^lj JLfllj^l £_oj^JLi 
^jljda rt d a! ~*"Ij (jlj^^l J0~* I 4_i^q|^J| die ^jjJI < _^JajJI a_i*A£ (J-£ Lfl|[)JL-a <jjuJ 

.LqLqj 




^ la n ^ la '■■ Jj la * SlaJ ^1 tL&jfi^j-o J*^L^ JJ)^ a j^Jj 4laJ : Y • — A (J^-tu 



m d" l"< J^-tuLa. _>3 SjLiC Lg-La J£ tQ^LaX £_ijl Jl iiLi^L iM d" l"< > ua 
^*^^j| j^^ajj a i G tCjl i Lj "' Jj-i^-la La»^oj dj_ua_ua Ci^La * 1 1 .R 6j la Q ' Q ' Q 

.SjjjlJI ^jLuj ■ '"^1 .djjj(JI J^. _F iiflil S_a2 (jl laa JIjj • ( _ S -Sil Jj-'J-' 3 J-C- 




2_ij_*JI (^j-a Lij^-o LlcaUij Lij-Lic! Ijl iiiilj J^. c-Llij i(SjljjJI ^1 ni-i.*sll J^. jjj laj "i! 
*Laj infl n P (_gjl mi" 31a-«JI {j\ fj^i aj ml I S l£ a I t(o*j ajJl + fl — ^ 11) I j I X I . 

J_c SjS^i! iiKJ! 2-^UJI Sj>UI ,-wnl F i^k ?M + Am 5aKJ! itU! 

ijLua (j I flijniATi (_J^flJI isjjij O^l ■» II J-£ Sjiil (_^j2 JiiJ (_y<ajS!Ls .^Lkill 

2 .lal"."ll 5jjjL=JI S_j3 ^LLi iixulj (_j^j2 Jjjj I iia -I (jisj^l) 2 .^jl ^ II s_jUI 

.( f LkUI 

i(YY-A J*s m (j <r\^a ^ 4 ifiLa. S j J ' Q ■ SlaX (_j) J^. Li& I u *■ I Ljj^j Ijl 

£sjjS>) 2 la » II j£>a UC J-uaill 2 US'. J^a. SlajJJ ^jjjl 2JjLsl-o 2_sLi£ «, 'U" LiiLi 
jijj(JI gtilj (*da «JI 4 lYs j^_>-a Lg-J*^ Lg-J n in n I J lj 2 .jj J-i^al djajjj C) ••■ ' I 
2U »ll J_c (jiij^l L^Jjjj ^jlll Sjjji^l S^ILlI 2 U ,„lj , ajjj, J_u=i^l 2 US', J^j^. '^jll 

3 4t j " Oj^ e J>^l ^ _A>^ ^1 Lfrft i<*ilj £1)3 Ls-1 ^-"^ U- 1 ^ cS-^ 1 <JJ*^ 

tUaSjJ I <ilfc Jl jj^ 1 1 (^j-a ^jUSlI . a,-.'. 4 ^ ". I lj 5_jill J ' .' k*"' d ^°*' LA J JaaJI J^jia-i 
I fl * U) ^Lua-^ja 2_cl_uJI ujjLS_C £-o 4 I ^ ■» 1 1 (^^I^JI c-^jl ...**.llj 2_i^|^J| 2_c ^aiJI ^1 O^a.^ 

jl mm II Jl d-." J (jisjSlI L^Joj^ ^1 / Sjii^l S^UI (jli <(5jLi)!l lU.^t 

:,y* 2U »ll ^jjJI 2JjLjl^ .(YY-A J^-<i.) 



J 2 2 R 



(8-39) 



jljS n J&j) 2 U ■» II ^ Lva II ^jl —"II jbS n Clj (^jl>l' ^jl '""'H Of '~ 

/ SjiiNjI s^SJI (jLi <a (jnti'i UgJ a-xll j-j-o^- (jl Lojj (I jl< 2_i jjJJ CM £ jLuu 

: ( _ y j4i (o"iLa-s«JI + ~ taa II) I j I X I » 2_ijjl11 S^flJI 2JjL«^s a-«JI g-ma I I J — «' 



F - 4f = (M + 4m) a. 



(8-40) 




mg 

j_u ^^iJI iili^! L ^ F' .iijjiJI a c ^.1^4 J-t Sjijil t5^JI :YY-A Js m 



a = F / (M + 6m) j! '« I a^Ia ■ / i> I j 3 7 a <j ^llljLjua UjjJ 
; f L&! Jl <t^i> J ^j^. IL^JI J_t ijiaSlI S^iJI jL^ ./ = (mF/2)/(M + 6m)j 
Jv ^J.I L^Jjij ^1 iiiiSlI S»UI jbi* F Ijl -fL^I J! £jL"^ <VJJ CM 
a j f ^jIxliS JU-jLj .F' - f = ma 3I ? <l1 s ^-" SJjLjlx, ^Li t 3Ja «JI Jx. 
i>^! ^ j,t> (jtiAftl utl^J) = (3/2)(mf)/(M + 6m) J 

r^jjji ~ ma II iljL»_a jjij idljj 1 °l^~ II 4F' j ^Lo^bU F Loa 

F-4F' = Ma. (8-41) 

ni n 33 <3~> (j (8-41) iljbiil (jl '' ma 1 1 Clj F' ^*"*' JLijLi 

jJ^SlI Cj^LaJI (J — jLaj^l [5-^^?- f 1 ""^ ^ ^ r nil-La .LoLoj JjlxII 

I tujj 4_i^ijJi 4_C j^ajJI^ 4_i^i^Ji 11 4_La^ ^-fraJLo iLa ^ ,ji SjiL*-cs — 4_ua^-a£. 

^jJLJ u_9j_taJ^ Ijfl mj <jj_aua 4JaJ-mj Cj*^L=>. d ^ U > a (J^-oj 4j1 tSj^j-vAJLi £)-LJjijj-o 



h^j^u Lij-G^l Ijl ijjiJ! iuLi5 3JLJI j do ijjIjJI 4^ j-^JI .a^a^ll J_c 

.(cd = coj (jl ^1) ia^j^JI dJll 

J^l ikflj (j! (j-aJLii .il^Jj I ^ .£^JI gllaj (8-4) iljUil A.hVwii^ 

111^. II (j 4" u n 4 t-ia'< (_^l) 4" u n ^ ma. 4 t^a'i ^ji iLgJ^a. Z i^l ni->. I U I lj <0 
(_gj"^> t Ij 4 ^. a ifill (_Jjl^il (_gj" nil I JjSi Sjiil i_S-liilJ.I (_gj"t rill I nl-*. II I qi^l'lll (_gj"< ml I 
4 -» fl ii"ill (_5j!_jJ.I (_gj" nil I jjS> 4_qjLSJI 4jlj t-i ni^Ll i_S-uaiM (_gj)" nil I .Sjill j^>0 J^. 
J ifli (i <jir^,\[\ (_$J)~ ml I jljS" all J__^a-oj .4-jlj U tn*^!l (jjia (j-o 4-ljl <n"n isLuua (J-Cj 
Ijyi O J^aSlI iklj J^s. I ijjIjJI d j^'ll (jl ((i-j) ija III) (jLi Jg .nil (>a 

I = Iwj where J = X m i r u (8-42) 

i 

(j->JJ a 1 1 I .0 J'iLi. j-o-ij 4 -\ fl inll (_£j^a£ jj^. n (jc 1 p m^. II Jju ^jjSi 7^ij_ j 

■I = Ximdxf + z\) (jji. IA^j ,r? ± = x\ + z\ ( 4^Lu=JI ^jl^ jzjx 

dll& lj| i"llo) jLk)! Jjlc&I ikflj jl a m II CM IJ O (jl£ Ij^j 

L (j! Luj .((8-4) iJjbdl) ^>JI iJjL.^ ^1,,^'ml jJaXmi Uili .(O ^ 

: J.C JxoaJ j (f ex t = TextJ ) £>UJ^I 11* ouii oJ^J <j! i^J^J fO-*-" 'J ^La^l 

Text =I^=I& (8-43) 

.J ^-fljj-*j (jl J-c- (8-16) 4_bL*i! JjLgj 

ial Sill J-J-a^J (JaiAj <J ^plj-ll jj u^LlI ^.3^ a' (8-42) 4_ljLa!l uojj 

( j^-oj .(jULo j^ja^o J^s. jjj i/^fl II l ~- xi ^ *^ ^ (J^ -0 - 1 ^ (J -0 ^ ((J 01 - 0 jj^-^ (J-£ O 

5ijio L^il ixuLLlI 4^ljU„i^!l jUicI 

j^jaJ. ljjl>a J,>^il '^b -5-qjLSJI til^k^NLI LAj! <a^a ua JjJI iijLiS Cj^jLslII 

:(jU 4^ljU„iSil 

.MR 2 = j£>J.L, jUI j^J.1 Jj^ pU^, iil^jkxuSl / 
.2MR 2 = isLJI ShSn jLLI til^k^S! / 




a jj-t 4_ij^o£. Cji *j" a i c.1 Qj-^ II Sj^JI Llq-loS :YV— A ^JS-ai 

.(1/2)M.R 2 = jSjlL jU! JJP J.I Sl^a iJl^kx^i J 
.(3/2)MR 2 = iiUJ! J_c ikil, j II! JJP J.I 31^* ^1^1=^ J 

<1LJ! IK .(2TT.Rsin0)(.Rd0) ^ d6 & 3 \j\\ L SJ i> ^1 ilLJ! h*<u**j 



a(2nRsin9) (Rd0) (RsmO) 2 = -naR 4 . 
o 3 



(8-44) 



I = -MR 2 



(8-45) 



5 j£J! ^-U „, j_£ ,1 U.r.1 . <£.j^o 2h<ll Ijl <il jU^nI qj (8-45) SJjLjl^U 



I f m f (%? + y\ + z 2 ) = c^lj SfWiX? = 'L i m i yl = 'L i m i z 2 i <J5LUL ,LLjJ 

[.Zimdx 2 + z\) = (2/3)MR 2 6 jl .M£ 2 

: ul C5 1 J^=) J^ 1 - 1 

/ = |m£ 2 + M£ 2 = |m£ 2 . (8-46) 

.i_s'^Lill (_jjl.HI jj i^S II ^3^- c I * ' -Sjjjc <Jjj^ 4-flic.l ^ 3jj^-o «<luaj» Lgjl^ 

llcu^a S_£) J = (2/5)MR 2 ^\ j^i Xj^\ .^jLSJJ oU 11 

SjSLl (j^=J.I (juii J^) ^ (j-a — — I OA (j! ia^! (j£>lLi j^lj 

Sjiil (jjjLo^s j^j^-o J^a^. 4fi_toLi. SjSU J .jUall i_sj^j_j 4 lYs 1 1 (_>uaj sLi^a. 

|m.R 2 + M.R 2 = ^MR 2 . (8-47) 

■iZjLjIj la rulj oljS^ (J-£ Jaj-taj Jlia ^jIlsLLo I iVs n-i (jS!l 

I 0*1"^) 3* n ir^n Sj£ .(jiuuSl jla 'm J^. Jp!.>j' Uj-^i ^J^-^ 4~ntr~,n Sj£) V-A JLxa 
J- 2 - $ "Sjil^) C^J^-"" Ji-iut (Jl 3^J>jl (jjJJ S-^^-" L*J^ i-Lnajj M 

<4" n inn 4j|jt-i mlj ipLi_a^. SjSU f-(^5JI (JJiij ^ .SjiJi jS^. ,_,„,-. i .(^i&i 

Sj^ij tJj-ul i<L*j_£i!l ^Lua.Sll SsigJ Jiuul Jl liLiU LjjjLc lj| .S-li>a. 4-jljU.Milj 



y a i mLaii s^lii gtijj .Yo-A mi ij 3^ Sjiii j-t SjjjJ.1 (_5,>fl-ii .J^JI 

ale Jj^sl a US'. J^j^. S jSUl ^j-*-ll ajjLsL-a .5 jSUI jJj-^ Ijl ^ i"l" m.^I dK'^IL 
(jt! Jl) j^ajil aLJi'jII / ^ ./J? = 7 CM « ^ 

ij^jjs ^l) Sjiil S^flJI ajjLsL-a .(icLuJI cjjLSx. I J a j a (X ^jLullI (jjij 

mi* II a -.j^ iM^sin/^ - f = Ma ^ (JjU.1 ^j" mioU 5jJI>LI F = ma 
ij ^IiIjLjlxi UjjJ .a = cx_R (jLs <Sjill 3Jj>jj jd lj| .(j.^'itl Jiuul isUJil (j i_u^o) 

_ ^sin^ _ Mg sin g 

1+ZcmW 2 ' J 1+M£ 2 // cm ' 1 J 



Toy 





Mg 



,*li^JI SjUIj .4-o , r, t l SjilJ lj l/2j 2/3j 2/5 joill j^Li IquIMR 1 I 



ZJA\ 

clij-. II 2'.ljU ^3 ,dij^ II Sj£JI ^ .2" ^ I 2'.ljU I j ■» t^jl <M ill ij 5j a ■ a 1 1 

.(uj-ijJiJI liilj (jnc'ii) 
L yiA 4jLi IjJj *A»jUa . j\ a ■ II 2 1"< J_£ Jn'iti "i! a ^jl mill ^1 laa.'j 

(j^J-j 0 " jUn II i Q'^*** ^1 4_1^JI (Jj±£j 4 LaaLUll ^1 Mi^.*bLl (j^^-j (jl Cj^j^ 

jj-o 3^ ^jLtuJ <jl jLxj*i!l 1 1 a J (j-Q 4 Ul ... . * ^Ja^lLi ^1 P_)ll ^ * U" ... . .211 ... ^ 11 . . ^ a" 



vZjLusaj ^-jl mm II i_l mi-\ j (jl l- ta \ .L&jiaS I 1 I fM j\ I fl" 1"^ (jJ ^1 MlV^l fcjji 

R j\ M *. b 

jLuj <l)lja.j LJ <Juc& J-£ Jjin^. II ijLa.^1 j 
IjjJ^Jjj i£l cjLiuaJ ^jLa. ^ja-i J-C «4 t-i < mm» <tfljjja dLia> (jl I ua <l l-i-JbLj 
J-ual) Sj^-Lo ioiLc ^ i^j Lie J 4 Jaa HI (JjjLojJI 4ia2j J^ja. j»j-*-H iljLa-o 4 .!"< . 
4_ua£ (jj^J "Lo^LslII gj~o"U o mi^. II 4 I (j .JjU.1 miU J-C ((_gjj ia< 

'((Sjl^U ^ = JCM +M_R 2 Cn-> i/CO iaNUJI ijjljjl d _>aSJI 

iix^J iilajjl 35* .nil LljjLo Ijl .M^_R sin/3 ^ 3x,nL«JI J^a. ^jUJI ^j-«JI d^->j 

(jjaajj .Clj Of (jja JaJ (jda '^-11 a-tiLll J 1 a a '■ j»jj<JLi /CO 4-ijljJI II 

4_laaJ jic Una JeO <_£jLuj 4_oNL*JI J^ja. L 4-ijljJI djaJjJI 4-ix£ (jl (j iljJ-uaJI 
QmijI ia'^UJI (jSl) iiJ>SJI oLka-lJI .lie I J (jLol Ja. dlla>j <iaNL*_lJ - ma H itajabLo 
4 a" mi 1 1 (jl < "\aJ ^ » m \ (((JaJll) IjjSi 4a_ua jjja a j 1 1 .(a mi^. II (j 4" u n 4 t-ia'< 
.jLlc^l JjS diaaJJI .lie. jLi)!l daJI lj$J iilojjl 

jlja-il ia.jj JJa_> (jl ^jLSJI ^ < t-M mi < <(_g„^"ll J m mi njlxil^ Jlj Mi*Cj 

.(/L/ 5 4-oj3 *-3_>ju idjl (jisjlil) .Sjill 3*^3^' '-' ' es^' (_gj"< >nU 

^jjLilill I ^p^l Lsajx. ^J^jj ^jjLiLi Sj^) A— A JllLo 

Sjill j^j-o ic j^jj jljjLo .Sj^JI j^jjs J'iLi- <aJLo Jai. Jj l~ ' LiSil ic^jijll Sjill 
./L/fc ^ Sjjiijllj Sjill (l^J ^jaJI dKla.^1 JaLsLxi ,V\ j& Sj-OuLixi I g ■» Sxj 

^Aa'n ^jJI (^j-llj ij^^j"^' O 11 ' ^ (jl Sjill l(j » Ua" ^jlll isLJ.1 i_i mi~J 



S^oJi Jj-iJ ^ 'jl 'l*H I ""^ ^1 (j^a^/Lflj i^j la ) La 4 '"^ *^ol e-^ll ^1 ^ X jj ) .^JaJI 

viuaj ti iSa. S^ri-uaS iilaj SJlflJ F S^r^ S5I J^JJ LuaaJI (jl ^1 iSjaJI J^. iiaij 



= 1 



Fdt (8-49) 



Ujj / dK'V^II S^jS (j! Lcuj ./J? = I cm d(lO/dt ^ (3I"<II ja J>a.) S jaiJ 



Vol 



SlujUJI msH\ K l^llljj i-l/^j 4^JI 

. M,R 

F 




>..aJI SjfLlI Ij-ij jSl ^ i Loj Sju^ iuiij S^Li jjjLii Sj£ cu j^i :Y"V-A & 

.A- A Jliil j Jil JpL 



I j! I jJ iSjiJ! LuajJ! <ji (_( ^^ij c^jJI <j-°>" 5 ^; <3-l L^Li <Sj£JI ^jj 

1 j a m (jjjLtu^L (_gjLuu CO iijI^JI it j*j±JI jljiLa ^Li i=».jjj S/< » tl uliil^ 

2 .<K"^vll S_jU!j J^ljjj S-icLSJ! .Iji in (_gjl m"i SjjIjJ! icj^uJIj <(>-ajJ! &l -"I (j v\ 
S^UI .a = fR/IcM = (5/2)iu k g/R <£.LJI t-jjlit Ljlj LcjLui t_u-<^ L>kMg 

2I"<I I j£ Lka LcjLu^ ...» ■■■"j jl mJl <^K"~^I 

t4cl mJl u^jl Sr. £_o iijI^JI it ^uJI Ojljjl it j-jj jljS n (j^SLjj LaK 
<_jl Ijjfc j oj "■ tSj-iAlil ^Jl ) mj H ) (^uajJI ^^-j) (J-fiLtuJI f-^^aJI ic Cj Lajflljj^ 
■J l&a HI 6,jjS> >*"* ■ I j fl i o (_gjl m" J 0 mil s^^^l i^ J*-" Laj'if. (jj^" (_5J.ll 1 HI 
(Jjja <Sj-iAji.l ijj ai Sj^-U 4_H_i£jJI ^ • Si a 1 1 ^ujujj Jj*^_>jI jj^Jj iIaj^J II lj_sj 

.(J^jjjLj 4-i^l^l ic ^jjJIj it ^uJI (JJaj (jLllLj^ j((_jju_j^\JI ) ai 3LJ 

f ic^jj jljiLa ^jijj iLiQ J^i- 

lluJ <jLi Ija ua <_5jLuj iuljjj^l 3-ijljJI ic ^jjJI ^1 Lojj .v = v\ — t-i^gt 
lia, jS! a = a/R «_.U-,,..-, ^ Uil Ji^^) co = at = 5/2(iJ k gt/R) 

^j^j Laaic .kii i^ia-ua Jki f = (JOR (_jiJj id/dt(v = WR) JoiaLfllJI ji.L 

^jjSi (j a mil p^g^a II ic j^jj jljio .(j^^jl j^-jj "i! iiija i<i ic j^jj j a mil 
j-tis^ J^Jj^l ^ T 01^1 .fbot = f - co-R = Vi - (7/2)[i k gt 

jfofll ^USl S^UI 1^,0=^ ^Ul SiUil .T = (2/7)(vi/)L/^) £,1 u;1 iVbot = 0 
^ T t > j j^^LI .D = viT - HI2)n k gT 2 = (12 / 'A9)v\ / 'u k g ^ 



Yoo 



*i J^j^l <^x LzSic SjU! 2x ^ $ .v(T) = V\ - n^gT = 5/7v\ 

^Li iJaii S-l^.lj 2_Lja_i jix diO^J <jl Jx ijjisjSllj Sjill djlJ (jiuaNLil! LL*.,iaj lj| 

(^Li <j£ jl! 2x j^uJ ^n's ■» II <_5j!jllLi J-ojlj f 4-i^K"->^l S5UI vZijl^ Ijl : ^ ■ ol aKJl ■ 

lj|j) ijjIjJI 4x j^JI 

.<Jj(3 mj cj^jLsII <j!^ dj^ oj .a = Oj / = 0 <jLi 111 j^±U «-ijl>o / cul£ 

.^jj5>J j\ J-oj t-i ni (j I 0 mi o t < jl tdj_J jl d_iXj Sj^-ll Jt-^ i iNljLa <d t^a'i 

^miKII a m^ll L^aQjjJ diliaJlj JJLuJI (o) 

II & «U'N LflAXaJU (j^-o-> d ' U a \ d l"*C I I aI '." .ll ^jjl da I U H j Jj_,",J I d . j U, 
J*s mi) 2 U . ,„ . 2JLa. (j^ajLj LixJ ,2". ,„l ^ II a.LuLa.^1 (jLAj 2 .j U'.ll djyaj Lo a J C lj 

:(YV-A 

(jljjj '*■<* S^jSJI djjjj (_jj-ll J» -nil a II J-c P d Us*. r.<- Jjiaj F bj2ii (j^jju -j 
d_>^ll P (ji .P ia-ijl <^L= Ar if ■ Af A0 S^^JLua SjjIj ^ mi ^ I I 

LgjiUJllj (P J| O ^ iiLuil r -.j^) rA0 j& Ar jlaLa ^Li .0 S J>\j j 
(jj^-j <iilj Jx. pLIjj .(A0 > 0 (jl^ Ijl icLuJI cjjllc ssUJS! j^) OP Jx. (_jJ,3^x 
<OPj F ^ SjjIjJI ^ :APf = PrA^sin^ = tA0 ^ F <Jlp ^ill JiAJI 
: «!_]■» mil Jjjl-oii ^jijj ta mi^. II Jx jj^il j^j-*-ll j-* Fr sin/^j 

^— = lim t— = tco. (8-50) 
at At-o At 

<Ulxj .COTj ^jjSi diLa* O (jX d*JJJ (YA-A J< mi) m-i d"l"< AJ-ma. dx j^u jljix, 

ua IAa) .(l/2)Simir; 2 co 2 = (l/2)/co 2 :(KE) ^ f ,„ ? II 3_SLk ^ji; 

2JLk ^imt A^i (ISjIj j^J.1 ujIj "i! Ujix 2JUJI J^,y,| JjiJLi (8-51) 2JjL«II 



:J_c J.. — j <eo j (ij^UJ! ^ T = Idw/dt 

at at 

tgjl ^oj J! to cgjl m-^I (>oj ij-o t Jl Sj-mllU (8-51) 3JjL*ll Jjia ^ JoI^jj 

t/ _>iJ 

^ = (KE) / -(KE) 0 = |/co}-i/cog, (8-52) 

■ O u n (jljjjJI JJ)~> a_a tjj to lA- 1 f> ' II J-C- J,j J > 1 1 nil I i*i l-> 




:YV-A Ji,i 



vIjLoj-ojlIIIj .JjjLuJI glljj uijl (^Li J^SJI <Ui-oj jjallll [gjLSJI ^1 Ia-^nI'. ^1 i >a ; 

(J-C (J^J_lLI (Jt Mill ^^a^j La a.Liaj (3 a ua 4jI LlLul jJLl :4_jj^a^a _/LC dlJj ^j- 0 

(_£jLuij {j\ ■ _ la ■ (J-^-ll J» '"II (jLi aJ '2*Cj^ II iiLta (j 3U 1 1 LljLuixs a I ■ II 

— I (_5-tti. (_vi_>i J-C- J n~\ mi i ^- la to jj j-GJI IjjSi 4jJS.ll 3£_>^_ll iSLta (j ./ 

Ijjji J qiVi (o) 3~~.UI (j -J^-ll JiAJI (j o-l(3 .til ^1 I4J (jjjJ SiKlaJI jL 

■ K MiLa. I n mi-> a.Uaill Ijl g ta to (jialji-S^I 



YoV 




S^oUlo rA0 4-al run j^c d) P 4 tsjjJI ^Li i.A(9 ijjlj j^c » II jb lj[ :YA-A J5LA 

■OP 



jJ_>^Jj v^Sj (>ajJI to ij^J 't "jl. 1 "'"-! (8-52) iljUll j t/ .JJ3JI (j J "ill 

x) ^yjljjj^l 4 y i^j-a (^o ^jJLflJI I j U.a ^jJI SiLull ^j^J X £ail .jj^-uiJI ^ ^jJLflJI 

:jx, Jxoa j iilj^ 2U<- jx. (8-52) ilaLstil j.^U*. . .(^jJLSJI J=ljjs> LaK jljjjj i"^- 0 

coj dj to C2-"jJI J^Li- 4-sl.wJI iUx J-c jj^JI 2U...lj. JjJuil Ji .nil W 
^jLuj ^ jjjJI j aAJI ^ :W * ragx J U^N .t ^aj jic iijIjJI ^ j^JI jl^a 
: J| v_JLSiJ iSLkJIj JiiaJI ij_>l^ ^jjp .W iajS is jjJ. ia.U. j LlmJ .mg 

W giav + W" = ^mv 2 , (8-54) 

to OS?) JJ jJlj 4-ujUJI 3U ,„lj. ^jJLflJI Jx. Jjj-ill JiAll Lu5> W"j M^grav '""^ 

.t (j-oj i'"~ <_JLSJI ic juj jljS n Vj <(tj 

■_JLS.II U S mm La^Uc 4j1 Ji^Li Ijjs, d\jSi .W" = -W J (> 
.cJLSJI Jx. -TAx ^Li-<i.j 5Ja «JI Jx. TAx "ii-oi jjJI Jjjj Ax S_^JLua iiLu* 
-6^^ ^"j W (jli (8-54)j (8-53) CjpJjL»i1 Li*^. Ijl <uk pLuj 
j^J __JLSJI ^Ls "^Ij U" ...Nil U^ll jjJI 3_iLLS ^jc. Jx. jn'm jjj^jJI lj-* (jl 




.(^ol jJI aUJi^l j x 4il m <U.ljJ j-o Jn 4iK ^JSSj ,M I q"I"< Jil.i=>. iL^ :V\-A JS-A 



.(2IIU-. ...Ml _^^J| iiiiLS jx. I lia aoIjG co = v /r j W grav = mgx 
m^x = (-m + ? Mj x, 2 - V 2 = 1+M/2m - (8-55) 

2 .UA. SlNLc J^-jj LaOlc- <jl <Jj^' J II (j 2 .< ."I .< II o^jLslLI (jj 

^1 <_JUaJI jljl Ijl I "II J-caLsL-a i Loj (_JjLujj 4jjLj ijj^ 2U .11 iXj V 2 

.t jll 3 I m'llb (8-55) iljbdl (jjJa JjisLflJ ^1 4-ll*i 4J3III £sjjS> (^Lai _>J a^jj 

Jxoa-j idx/dt = Vj d(v 2 )/dt = 2vdv/dt = 2va Luj 

« = , , w/o ■ (8-56) 
1 + M/2m 

.T-A JLiL LlLa (Jilj-i L° 

Sj£_i) al tall! Lj-ilcl Ijl .jSlI ^ I a lialj (jj^-i (jl ' ' (8-55) iljbill (jji-a 

d^aJI IsUaj (l/2m+ l/4M)v 2 iSUo ^Ls (jjj + v_Jli + 

>[lja in LajI ""-I SjjQ JJ=j Sj^JI 3U ■»! 3-ujLJI ifr* iSLla] —mgx 

(a^JI isLk + a^l £5U=) IsLkJI (j! iULa^ (8-55) UjUXIj 

.to '*"* (IjO 4-iK-ll 3 al Ull ^jLujj t (j-oj '*"* 



Yo<\ 



(_£jj| » . AS II SjjIjJI 2_c j^uJI jljjLa in% j^ya I US aj 2 al t-llj Jii nil I 2 .j U'» 
.0 iljlj J^Li. 4iajS tii JJlj (T'-A JSlal jJ^l) 1-A Jllo j 




2 III .'I I" v.<- J .-^ j 1 1 I I \ .. (^Glll 2_Liul_vllj <LiLi^il (>j_jUI 

4j j i"i (_£jJI J< mil j^ji-ll gJJ-i tC)l a ■ fl I laj I 4_t£JI j^j-a ' ° >j (j-o II 
(/) ^Lg-i Jj< m"< Jl (0) (jjlAljl Jj< mi ;>o p.llkijl 2£^ jit ^j^' 

^Ijl^l ^Lcli^j^l z/j z 0 j ^LklU 2J£J| 2_fc£J| M '.Mg(z 0 - Zf) 
(8-52) 3JjL«1I ^IjAlxuLj uj\ ilji I jl'wnl (_gj" mo jj^ji 5JjSJI j£ jl ^L^lllj 

(M^)sin<? = | QmL 2 )u) 2 . (8-57) 



YV 



SIujUJI jJ ,1,-^1 KjnLjjjj SjjtjJI dl^^iJI 5j-c^j ,3liljjjJI SS^JI 

JafiLaJLi i_m ii^i a II jijJaj^aj (jl (Jas) 0 = TT / 2 (jjii Labile '(J-^J) II <^.j J-C-J 

^1 c^jIjlM JxuiIxuj (jl jjLi, Lki. : -to 2 = 3g/I LLjJ Oj^-i (S^-OuL* 
[.La LUU 

: ( _ J Ji (^yii^ll £_a 0 3jjlj cj-uASJI ^\ ir~i\ LodAC- 4-ljL*_o 



^ML 2 a ={^) cos 0. (8-58) 



Jl^ (8-58) iljbuJJ ipL^Ljj 3 ?; -.-.< l^tUio,! (8-57) iljbdl 

(jjJa ^ »_) .^OJJ « = d 2 0/dt 2 (jl Sk-v^Lu .3£ _^JI iSLk jl Jj-oJI -k2 J 

J.uaaJ d^/dt j (8-58) iljUil 

ti/£tt(sin0) =j d/dt[(d6/dt) 2 ] = 2(d6/dt)(d 2 6/dt 2 ) J L^j 
rSj^l J-t (8-59) iljbdl SjUI .cos 9d9/dt 



6 Mi UtJ "^ Sm0 



0. (8-60) 



i I j a i ^ (_£^Ltuj Cj-iLjJI 4^o_i£ (j^-l^ <4jjLj ^_j^ll (jjj^BJI (J^-lj 4_l^JI (j^^j l*i$-i^ 
J^aaJ idO/dt = CO (jl ila^Laj .dd/dtj 0 (j* J£ (^^JJ (gja i^ll (j-ajjl Ale 

.(8-57) iJjbdl 

( _ s jJ1 iLLaJJI (j Ji^all Lnfl I jjJ djAJlill ij-ujljjlj ijiiSlI (I^j^jUI oLma. Ljj^_clj 

.Fext = MAqu ((4-20) iJjbdl) ij^kUl ^1,.^'wnU 9 3jjlj ,_M^all Ua „m Ls>ak£ 
iixuljJIj iaiiSlI (jljjillj cVj cHj <<LjjUJI ^ i_m i^all Jx. Sjj^il ii^.jUJI (_£>SJI 
;V - M# = d 2 Z/dt 2 j H = Md 2 X/dt 2 o& 1^ . J^ill L^Jj^ j,tsUl 
J^LiUL ...n.noll <1£ X>* LcuS> Z(= -I/2sui0)j X (= 1/2 cos 0) 



d 2 X/dt 2 = -L/2sm6d 2 6/dt 2 -j dX/dt = -L/2sm0d6/dt J 



.la_> 



:ti>J (8-58) ibLdlj (8-57) <JjL*ll ,> .1/2 cos 6(d0/dt) 2 



d 2 6 3 g . 

(8-61) 



(d0\ 2 3g . . 



S»£JI <jl -H = -9/4Mg sinO cos 0 = -9/8M#sin20 <jl jaJ Iji^j 

(j! J| (lidlJ j Jail) ilSL^a ^LLa^ pI^I .jLuJI J| UMj iii&l 

.V = Mg/4(1 + 9sin 2 0) 

Jaj-ill J it mil (_gjl mi 1 La o,l taj 3£_>a. 3iLk (j ^\-ijJl) SiLkJIj JaJuJI iijJaj 

^ I tVi 1 1 J_c Sjj^J.1 (_£_aiJI J£ (jAju (jjij Lajic (_jJa. <tajaoa (aU^III J^ 
^ J J£J 1 J a 5iLk i a.jt" I V»< ^ ■ 4jli iSJaiLa-o La S^aJS v2ijL^ Ijl .5JaiLa_a 

liilj ^a "I talll dj-=vj sLkjl S5UI Ldjjj ^jjJI J ■» mil <Lva£ ^jji tfra II 3iLk <J talll 
idilj J-C-J .(i—SjjJijJI !_i ma. il^i-ua t>J(j 3iLk (jj^j) La (_JjLi£. J 1<S mi" Jl J 1*S mi" II 
(jLi i"\-A J Ha (j tT xuAflJJ c5jLi£ Jj< ,7i"< ((jr^^ cjj-lAIJI (jl ^!) 0 = 0 Lija.! Ij| 

Ijl .-MgL/2 sin (9 ^ ^^iiSlI oaJi 6 ijjlj jic . ._..An"II <jj£-i Laic 14a II iSLk 

ifla II 3iLk + 4^_>a_ll 3iLk (jli liiaila-a La -I taj J-C Sjj^J.1 (_J_aiJI vliiL^ 

(8-57) iljLull (j <GLi lj£_a>j .SjjIjIj^I .kj^-OoJI ^ culill 3_cli2 i *^"j iLlilS mi" 

3iLk :Jc J'^Vtj (_gjl mi* II S.a'iLc j^C jl mi ill Jc J^a.^1 OaJI jLii (jl I 'iVs n-i 

.ji_ua = „^-> II iSLk + 4^_>aJI 

CiljLiIcI jJjaJi oiL JyuiUJI a ni~> II Kj-aLliJ (j 

J j< '"'I I ^ihun'i V-A Jli* Jl ^^JLi JUol (jjj ,£sLkll 

(_gj"i ml lj Til I a Laa II (ji-i (jjjLajJI 4 t-i°'i (jj^J i_i 1" _/Lll 4jl J^ (_5jLiJ(JI 

04a. iSLk (j^ii jjaic .(Yi-A Jii jiijl) JjIII ^* Mill J-c ikij ^ JjIII 
Mill J-c ikij (_yjj! lj-j isLuil ^ x dij^ iM^x sin/? ^ iilSQlJI iujUJI 

(j^s (jS^."ll a-g-LI (jja (jj^- 1 iSLlaJlj (_J ■» tVill iijjij ^ 11 l-i" alt .(jjjLajJI 4 t-i a JjU.1 

Y"\Y 



SIujUJI jJ ,1,-^1 l^j-oLijjj SjjIjJI dl^^iJI 5j-c^j iiiiljjjJI SS^JI 

(_gj" Lull £j\ £-0j j> ril~> II J^. "bLi-iu JjjJ ^jjJI Sj^^jJI S^flJI ^jjSl iljjUJI 

<Jiij (_5.UI JiAll Jj-*-o .NUlJu Jjjj "i! SySJI £>3jS> (^Li <g_>^.ji!.l j> ma II J-C S5I Jjjj 
mil Lg-liiJ ^jlll SyaJI F viu^. '.F ■ V jA, g_>^.jlll j> ma II J-£ JjU.1 (_gj" mil 

Ija. ^\JLu2 t-i Mill (3-0 (j SjU.1 j-JJ 1?J I Jf>U.I 

(3j^_i j^^i^ll cjLi^ ijj .jiK <t I (jji^j (_jj-ll gj~>-,rJI ^ m^. II (^-o ( 4 U b \ jl I 

.F-v = OjJ>i>aaiV = 0 

jjinall ^J>£. ^jSi Jp '.(l/2)I p (V 2 ^ g_^.jlil j> ma II 3£_>a. iSLk 

■ (4 -. j i<vll jl) 4_<IiLuJI (^J^jjiCj jjuLojJI 4 t-i°'< J^Li. j^aa_o J^J^- (_jjljJI 

i/p = /cm + M_R 2 (^I J| csjl^jil j^j^J.1 iij-^ c$Ap .lLLo liASLi Lo£j 
Sj£ Jl JljUl Jjuj^I i,ja*JI ^NLobdl Jcm = (2/5, 2/3, 1/2, 1)M£ 2 

p 111a II j^ji 4£jmi jloS-o V Cn-> .CO J V/_R ic Ljjjjj-mlj «LLQ = Jfra II iSlia 

I (l + ^0 MV 2 + sin£ = const. (8-62) 
<dV/dt = a 3 dx/dt = -V J ik^Loj d <>jU (8-62) iljUil J^Ul, 

.LfljLto I (j < If I '< 1 1 1-\ -v. (_jjJI ^jl null 4_o_iS (jJJLflj (J-C J a j 

.JtUI Jlill 3-i2llo J^Sj 

j-ojsJj) ^Uaj ^1 S (j^- 1 -! ICjLfl-ijJLlJI (_>Ajlj JJjaAl ( j^J •(*— i) 1 o <j Lqj^I m ul 

^ / *" ,f 

\§\/*\\s Sj-oLaj-o j^La^o I, J, ^j^-jJ^ t(lj_toL^. Lq-loa Sj^j-\AJLj ^jxuJ^ tCiLft s lus*. 
<S ^1 LalLI CM IK j^j-o 0' (j^J^ *0 4jjI jI^I J-ual ikijj ILual^j jaij J-c 

g yv,yv,yv, yv, yv, yv, 

(jU <L;j>uis I^Lkl ^ji; ijfc jjUdlj 0 SjU] .i, j, k jjU^JJ i^uUL Sjljj 

_yv.yv.yv, g 

Tvcm = Xi + Yj + Zk jjt> 0' Jl 0 ^ 4-v"ll .[Ljj^is (jjjj ,jisljls^l I1& 

Oi jk jU^\ j USJI ^ 

Vcm = t— + j— + k— . (8-63) 
at at at 



^ /S yv. yv.yv.yv. 

oUjjjiIJ! 0 ni\\ v n = idx n /dt + jdy n /dt + kdz n /dt jf n = ix n +jy n + kz n 

^oxuj 0/ Jfc jUa^l j S flliil] ijjljjl d^UI iw£ .(O'i'/ fc') CM jUal j L£ 

iJSiL .Icm (jr^ O'i'j'k' jUa^l j p.LkJJI (_>uiU ijjljjl d_^UI <I 0 
^y^S O'i'f fc' jU*i\ j K^JI £511=5 KE o <y"^ 0/ Jfc jLk)!l j S isLk 
.S r UiUI j cUu^aJJ 3JSJI JJjSJI ejjL^ M j£U .KE CM 

Theorem: L 0 = MR C m x V C m + Icm; (8-64) 
Theorem: KE 0 = ^MV<? M + KE CM - (8-65) 

.Ss^Lcl (I^jJjI^jJI tl^jjjJalll fj„^~ ml I IVm JLjJI Jlill 

(L M 4lK) uj .("UijJa j^.1 jic ^111^1 <_> ^vis uj \ «-A JliLe 

(jJj>ii m 4lK ma. .(VN-A JS-<i) jiijl) pLulo Sj-iAla J-t jS" mm iiOflll p tWin 
^JljjJlL .(A) 4jijJ= J^-l Ale- <J j^AkxoJj i_Mi^all J^. dj j-a£. l7 ic j^uj SjjAlil J^. 

4^ wjj v'i j Vi JiVi <(!)V\-A JS_i j L£ j = fc x i <fc, i Sj^JI oL^JLa 
.Sj^IiLua ^jl ifi'll jju i_m 1 1^ a 1 1 ijjI^JI itj^uJIj p \ti\-\ II itj^uj » i_m 1 1^ a 1 1 j^_>-o 

...j.noll j-a fu m~.ll fjk.nl Ijl COj, v'j V ,_u„-J .((,_,) YVA JSLfi.) (I) 

•(tJv>° -A^ j^-ll A 
4SUa) iS^a f jLu=UI Ijl COj v'j V ,_, m,-J .((^YVA JSLfi.) ( v ) 



4_l^ (ji - ^ ( (ft ' '"^ ~l~ 1 ' ' '-^ Q ) ft I lalll (J-C S^jj^-o 4_i^.jLk. i it-tAj lj iaj .^J^JI 

(_£.\3-i .^Lllaja^. n J-ual dJaAj J^^i.) SjjI^JI <iJ j ^."11 -Lua^j 4 i K 1 1 <ij j ^."11 

:JI dj^sJlJI ij-o^ laia. 

mv = mf' + MV. (8-66) 



V 



-> V 



A 



AT, I 

(s) 



(?) 



A »-A Jlla j m 4jJj£ a i 4j I ■d^j M j~I"< ■ :V\-A J£_A 



<L^L»JLi S uollL iiuala ijk jjLJ.1 .A 2 Us '.II Sj-OuL-a S uall.1 J-c Sj^la 

(_£jLuj <La^L*J! i> ~ UallJ SjjI^JI 3_i^ t a,jl ,^".11 Jj2 .J-ua! 2 Un'.< a jjfc 

2_a'^L*JI 6 jj!s J a I ■ II a I U'. II 4_i^ljJI , 'lj -, " II iS ^IiLua a 'I .^.".11 JJLJJ .IjQ 1^-1 
J^a. , . . . AS II SjjI^JI ,»lj^".ll jjjii (8-64) 3JjL*J.I a I . .IjQ i/l (_gjl m'l 

S^juLl-a a j I ■ a . I I JJU O 

(-|fc) x (MVi) + (^Mi 2 ) coJ- (8-67) 



0 



MVL 



12 



ML z w. 



(8-68) 



2_iiLi)!l 3JjL«I! (I) *>=J! j .(v', V, to) JaaU^ 33"43 j ^lltabuo ll>J 



v' = V + ^wL. 



(8-69) 



no 



r^jij (8-65) iJjbdLj .IslkJ! Jii^ ^ ^ iiiUb)!! <JjUl! ( v ) *jaJI j 

|mv 2 = |mv' 2 + ^MV 2 + ^ML 2 eo 2 . (8-70) 

Jx J.^i (8-69) iJjbd! f h;-,„L .V = eoL/6 j,l (8-68) iJjbd! <> 
-.J gol, (I) P J^U (8-66) <Jjbdl f Ij^Lj «v' = 4V 

v 

V 



4 + M/m' 



v 



V = l + M/4m' < 8 - 71 ) 
(6v/I) 

CO 



4 + M/m 

.co = 6V/I ^Lu (8-68) iJjbdlj «m(v - v') = MV L.J (8-66) iJjbdl <> 
Ij^j .(v - v')(v + i/) Sj^uaJ! J-c v 2 - v' 2 (8-70) iljUil j 

of lL*o .V = 0 J^jLJl .AfV(v + v') = 4MV 2 J (J) *>JI j 

<jii3Llo aIc LSjLuj aLlgja.lj (_jjJ! as-j^i ijia. (J^. l.ia> .co = 0j v = v' 

:J_c 4JI4U! j (uj) sJ^JJ J.^Vi V - v' = (M/m)V !ia> .V +v' = 4V 

v 



V = 



2+M/2m' 



, v (I -Ml Am) 

v = — ; 1771 ■ (8-72) 

l+M/4m 

3v/I 

CO = 



1 + Ml Am 



J.^Vi M «: m (jjii Lojicj ,v' = -v Jx J^aaJ Af » m ^jIj Laj^ <ul Ji^! 

.jJs^jlo Lc& iV' = v Jx. 



SIujUJI jJ ,1,-^1 KjnLjjjj SjjtjJI dl^^iJI ,3liljjjJI SS^JI 

ijjJa Jja.1 JjIsjj ,2" ^ ,^ r, 2'.ljU ,„l J^a. ^1 a III ^ 13 La ._sJ . \ -A dJLuii.1 
:Ls>Jj (j jj»5!l ^JjJaJL iliJa ,n nl Laiij < 4j ljia_u£i! L II 

j^j-a 4 l^. r, i_i ni~».l . JajjJl <iis £-a I <t~i^> I Cii-lj LaauIj 4-jI_j t-i mi*^1I Cit-iO m (Ij 

.^l^k^SlI 

iLoJLi J_cl J| ^jL^ L*aj ilikJI Ijl (Ijl^ 313-JSM) 

.4_ixoLil.l 4 1^, * || ,_i mi-v! .4jlfLa (j I" u n Jiaj i_ S^-to 4-ilj t-i mi*^1I j^j-a (jLi i4_i_toLiU 
(3^-a.lj <W. L04X0 ^Jj^j i_R La^la J£ jJaS ■ a,-^\ <La.ljJ LiLa C .Y-A dJLuiXI 

^ 3^.ljJI cj^Ij i££ J| 3iLi^!L> jLk^ll 31£ .iiUJI jic iik Sj£ L^I (j^sljlsl 

Ji. T [Ijc (SlmioJI Jjji=> (^c) 'U.ljJI <_£lj Jjlk JljJI 4-u,ljJ JLa»" gib .M 

.a ia.1 jjJI £ jLuj l-wh->I .J^Jm' J- 2 - ^ j^)" £ _>^-jjj .3jaU II 3U »ll 

jjj Jjj-L=> ' ^S.nlL Ji<-i"m m 4lK |> k"\n i_mi^SI ^^jJjlJI ^JjIaJI .V-A dJLuiXI 

■ 4 < ii^j*^!l £-a 6 4-ijl^j pi miIo 4 1 i^ljl (J-C j a" mi \ Jiuu*i!l i_S_jJaJlj '(^Jjlj 

^al l j_£ ii^jSlI LjJiu ^1 S^aUl V mi-J (1) 
4-kIil (^IjJI £jLulllj ij.ua jSlI LjJjjj ^jlll S_aiJI l-i mi~J .SL^i jj^JI ^ la 5 

.8^uLi-o i_n ii^a II £_Ll3 Jj>-j i_i < ii^a II 1 1ifi"'tn 

lj| ./J ^jjS> Jj ,„j 4" n if-in 4'.ljU ,„l ^ ^jjl j m'jl .'IK'^MI JaLiL-o .£-A dJLtui.1 

(3jJ-> Jj-11 tjiuul Jl gj-^j"" (^1 4j|_jJ=tiu'iLl (j^-oj 4jLi ijljjaj'i!! jjjjii JjJI (^jS-i jiJ 

■ 4-^ljt-wiiSll ^ liua J Jill JjI jlj^jl ijjlj (^-^21 l-i ni~>l .3^3^' 

I j"^ a C jj^ a el LaC jUa . _R I ^"Nl ^ r. jUa . a,^'. Sjl t mi .0-A dJLuii.1 

<( JjjJaJL f-l t— . -» II ji-LaJjl .V L&jljiLa ic j^jjj ( _ r flil ^J^ 3 J" 2, U^-^ fUaJLlI US m 

i_i mi~>I .^^^jl (jjJ-i Sjl wnl I Ijjl^a-a g_^».Jj (Ij^i. S_/\_uiS S__>jLc 4jjjjj S_/Ls JJ<j)j 
.(I'minn Lu3_>2 ^jLlcL el t— 1 ■» II J-oL*j) el t— 1 ■» II ic j^jj jljJLa 




.1-A JjLui :TT-A gJu 



Jx; .itxulj SjjLaJ.1 ^Lij)"i mtlj '(_s-S-sl ' ^ La .*\-A dJI rill.l 

,»ll<"^ I J^Lsl-oj lia. yttm plia^jl jJaS i a.^'.. ^jjj! iiLaJ! ^1 J I a J ] .iiLaJ! Jx. 

\ s * f 



T1A 



ic^uj 4 a jj i_ Sj-ui 1 .»< 1 1 ^ (jjjLalll SjSUI I j -° oo Q*i ^jjJI 2 U.^ Ill ,j .6> c (2_ij|j) 

.v c ^1 (!) 

Oa. jt iaJl (j Jjjiljlo Vo (jl iSJLaJI j (jA*^) v 0 = 0 jl£ lo| (3.) 

.Cooc (9 C 

0 _>3. jag 5 ..1 3JU. j (jr^O * j^JI jLi f 0 = 0 jl£ lol 4j! OjjI (0) 

[ Jua JlJ-tu Ioa] 1 3 LajjS — f-LijI iiLaJI (j a U" j" (iiLa-ll £_o <jji^jJI Oafl"i ^1 




.VA iJUil :T1-A JS-S. 

A fiUjJa) L ^J^Ja LaJalla ij > liaja j-Qcl — H ^ 'Ajll)) 2_ijiaj) V-A dJLiatl 

.(L/2) + S 4-al tnn A (jc Oajj P ikij oic Qoj-ac P jio <ulc jjjj '(Bj 

1 ■' .Anil J_£ p' 2 US'. I j . ,„"<" ^jj) ,S ^Lio £-SoJI OJU lie j^uJI a.1 (I) 

[0 < s, y < 1/2 -2 U j-. La ] .(1/2) - 3/ isLux, A oajj Laoic 

Oa£ <JLio ~.'U<-lj p' A U n \ 1 1 V.<- 1 .. .Anll J_c. <iJoJJ C) 131 ■ I j 6 1 Q (_gjl m" I * **■<* 

t4-o^Jjt-o ^jfc LaS^ y A a «Q jl u£ I ' .4-oO-i^s (^l- 1 J a nn <iJoJ (jLi J 2 .j^ ...II d * . a II 



A 

o 



z 




B 

.V-A ajLj.1 :Vo-A J£A 



^aja) -II 5 iajjj ^ Lai i>" = 0.4001 Ijlj .4j_^_uJI 5 ixLii <_j-m^.l 

A US'. I I ^» "^j " ) la ■ i— S_j-uj <3Jj£JI £Jjj2 ^Ualil ^JC jLlIcL > v l maJI lj$J Uj mi 

( lJq * "' ' 1 3^ U " ' ' uJ^vA-a (J-C d .j - , i ! II 

i_J j--^^ j-Ll£.l (2 .j^ ,„ll g Ua'ill x iAijj JjJ-vjJ i4jil^_a <(_5_>i-l ifl-ijJa) (-a.) 

Usui ^ui 

X j^&^-all jl^a-a '. J33 tZ 1 1 J j la 1 uj ^All £-^_9 "(v* 4_1j^ — JVf^ 

i iajJI (J^Lsh. ^j-oj j^&^-a jj-c »_) ^vAll CM (j-Q a jjlj (J-c ^All (jAaslo (J*bL=h. 

4_*_SJ i~nt-if.l ■ (jj 1 1 J^a^. jjJ-> (jl 4 a ' uj^vAll ijUj i^lill (j '— 1 '"' n JJ)~^ ^0 
(j-a ^U...ll pJ^JI J_c) CM 2|-,<ll j^^a ^ d' jjj cj^vAxdJ y £sL=J^I (j P 

(_5.UI £-ijJI i_i ma.1 .(3Jl£_ll djiJjLSJLa (l^La- J-^ £-ijJI (j| (_gl fi_J 

.d ■ d! = a? jL^ Ijl Ijq m < .n ^.ijJI lia jl d>vj 'jj" ^ * <1\ iS^j 



YV- 



SlujLJI jj myj\ Kjnliljj SjjtjJI dl^^wiJI il-C^J .iuljjjjl J^JI 

Jin'n j n mil (3-o jl*-o (i <J jJa j ^UijjLj icj^o M 4lK) i_m ts^l . A-A dJLuiXI 
3_>J^a£ l7 icj^uj i_n 1 1^1 a 1 1 ^ya <_j/LSj Jl ii-l I ifi II (^ja Ytl .jjjilol J i^fl o-i 

.. qi^'nU 4 Ua'i jjx. 4_i J| i fi" I" j i_i < k-iq II J-c 

.iJlllI 4^ j_aJ| J j^ojlJIj i. ,.,A5ll 3-ijlj j^l '(?max >-i "'~-l (l) 
I it-ilj Ijj j^j jiOS .i_u it-iS II 4 U miI^j J infl nil ^t^tll £-SjJI i_l < 1 1 — -— t 



■ tUI Ju^AJI 



jjj .vZiLkj-J,! (j j>aJlj all JJ5>1>1=> (jj lisjljialj j-alJI JjLLa ^JjUl sLa-uj (j 

Oil I iia -I Lg-ojS vljLuisLjJI (j Cllja xa Jl 5iLi^!Li i4_> ^-.n ill iijJL-all Siioja 

d'iLi! ~ J " I UoLol jiJ-iJI JLa^JI (^js <La.jJ lift j*L*J! i ■ la H jJj 

l~;3* ^jjJI vZjLjjljJI 2 ,„ j Ij ((jisj^l J_aa. jjJj ^jjJI 2 1". U jLaS^I ^ vZjLlU 
4 u J La II I ) ^ Q (3 Sj^j C£™>^^ S^-Q I ininl ^jJaI (J-lj^SLj ^j~^J ' ' Jt ij .?t-i^ll (J-C 
j^LxJI i iJaJI (^^jjLS 4_ij_r\J.I guLilll _/\_<iij ^jl Una Llaj ^» »U" 

"i! pi a 1 1 U" I ^iiLiu*i!l i4^_^a_Ll aLu^LUI (jJJ-ij (j-Gl^S £-a i^^jLflJI IjjSi .(2jj_a-ill 

J^. i(_5>i>-l vlj^U^a £_a vl/^Li-ljllI ajjSi .pLjjilJIj L^aJjj-^llj idliJI (j J-*J (£<^^~ 
(^jjs^jj <t I f-Lj-iiJI cjiLUJ JLlil 4 l(j in LgJU-a^. ^\jj<j ijU'ill i2ji*^a j-'b yj*-^ 

6-° J^' JJJ-° 4jjLAflSl Jljj "i! <Lj^_ll iijjUJJ 4jajLs (^1 (j (^j^ij ijjiiC 

.1" .V. «S| oLaLxJI ) * luj II 4_i^U_j ^1 3 j& 11^ «lt ^^-a (j^a^ 4jtiLj 

(_^l dA>" cjyij^ jiJ LgjLi 4<Li_i jl_2>JI 4 10 1*^ LoLoj 4 L inl Sjis ^aSj 

(j lilji laJi v2jI_/\jIj jJI (_y£5j*i!L i,h5n a ^^a ^a^aJI i^Lj" m n L^Jj I 0 i i U"i (^j-a 

■ 4 < uJaJJ 4_LiuLtu*i!l (j^jl^SJI ^-^J SJaLiujJ 4 ^ LAjI 6Jj5> .v2jl__^aJ.I 



Lift 

ll^jj-aj Ijj5> JiiUjij L\jl Jj i<LajLua Sj^jj^j Lj^uaS IjLkl (jxuJ ? rt-wnl l 

.Ijj-l-o \±6> (^l^ Ijl La a jjj LitJ 2 . t./j ^"11 




S j5"< mo m 3 !-.< I U.U^-. jJala N-"\ J< ,7ill .(g Jx. u^JSlI ^IjjJ ^JJ") JliU 

<La.jdJ jJLua Wt a a a .jl n mil i .Uall Jj^i ^ La£ AajJ^j^\ 5 j£JI ^- La J^. 



YVl 



(^yjj'^La. t^ya 4-<ui>l in n ) <jj^li] ^LxJI 4_ujl_2*J1 (j^jL2 J-C Cjtlaj^. 1 n 

^la-al iji iLs>a^.J 4m^1I (£>SJI £-0 (jljjl 5JL=a. (j (jjjj j» m-> II (jl ^jl k~J^Li .JaJI 
(j^sj i(_y£5j*s!l j^j-o ^ l-» <*■ (jLi^a 4J ^ aa I La . U j j i a < 'j^ 3 ! 

<ji '.Fg (j* JSl (jjj£ 4 "Mfl'< La (jU (J> 

Pg - if = ?naR. (9-1) 
Ji^aJ iiy = <jL (jj^U (^jLjlJI ^JujjiIJI jjja^i nilj (j^j iljLsus j JLi-^Lj 

(J^. S-A^-lj 4-> j-ua. Sji~i-~> < 

GM £ 

0 = -^5- - a «- 0-2) 

Or isUJil <jil^JI = GMe/Re (jj^-J (^olaUl jjc 4jLi la^Jj 

^Jsl^o .lie j < a II 4_a>LajLs ipl_j!ixu*i!l ale j 1 -' La cv^j^ i 9 :a " J (JJ^ 

&*^23 l-i* H dLa__>£. Jai. ale- (_>ij*^l (jljj-i j 1 ? ;a - 0 J- 2 - Lij^^c aJ^J cS->^' 

((j^sjSLl U i null gLx-ij^l (JaI \ ii_ua. ipljliu^l Jaa. die- (j^aj^l (jljJJ-1 (j^-a-o ^jLj 

:Ll>jJ oj^; 

a R = co*R E = 4T ^, (9-3) 

R E = i^L^j .8.64 x 10 4 s J ^ — <jljjall Jl (>jJI T cx^ 
g <xli2 <j^ SjIII j Jl^a. Mr = 0.0337 LuJ 6.37 x 10 6 m 

Ale g ij-aiil 4jja.jj.alll ixuUI (>j JjiJI (jj^-J lj£-&a .9.8 m/S 2 iia^j^aill 

<jS! (_5-a£-j ^j- 1 ^ ^H*^ 3 iJLoj5>jU JjLs Lr ijl*A\ i_iUSll .licj pljlxu^l laa. 

La — jH (j 4-slSI^JI (jisjjiJI Lsalaa I SjLc 4jLfl£.| jj-u 

Up! J_c g ij-^j^l iujLaJI 3Ur, LlJ jilj .(g Jx. ^Ujj^I ^job) Y-^ Jlia 

Jx tj-VJua <J^-° ^LflJjl (j^ iL=>_ia_u3 (jJiil IjjSl (jl SjjjLaJI (^jlLs (^J- 0 ^ i OJ \ J .SjjLj 

(_jl J| .4jJ| V_)__>5I jl (J^J*i!l j^J^S tJ^S JJLjl iiLuiJS jjt 4j<_lAj (^1 (jSLaj (_y£5j*i!l t-i III 

?l •^■1^° 4 I o~ -> a «4jji. jjjijll v_J*i!LaJ 4 i , m 'i I Li ^Lfljji!! Ijji ^\jLj Jjoj (jl (j^-oj 

.(jisjS!! j^>o (jc JjjJI (j ^r^-illl jl ^LfljjNLl 4jlj£ g jyZZ ^Jlj^ (_J_>j (jl Jj_>1 .JaJI 
3JUJJ 4^ nnlLj .(_5j^uSUI ^jj-illl m (jl JjLuil SsjjSi Jla (j SjLc Jjjill (ja 



YVo 



iF iujUJ! SySJ (jis jjijj (jis jSl! j£>a ^ r jjij J-c m 3I"<II .^^a^lLi 3 1 ,^"11 

„ GmM E 

dF = -2^dr=> (9-4) 

dF _ ^dr 
F r 

>_JLuJI j-\-ijJI i a« iJ\ LoLaj (_£jLujli S_aiLll (j (_g^ fi*S II j-\-*jJ! (jl a ujJI (ji-JJ 

S^fiJI jljiLa (jl irijj Lgj"i! i<LliuLa. 4_l.ll ajl SjL__i^!l (jl U-.M". >. 'jUSlI . a..-.", (j 
£-CL-jl La _uj (_gj* n*S II j\_»I-ll a J £ *■ Li--J . I I ~- j-a isL-ull (j j-\-ijJ! (jl-_ Ijl 

.(a.j2 YT Jl^) ^IjLa^L-. \ • £-iujl J_c JjJ->$ (J^J^' L>° SjjLk j 

F = mg =^> dF = mdg => 

dF _ dg _ dr _ 10 4 m 

~F " ~ ' ~g ' ~~ ~T ~~ 6.37 x 10 6 m' (9_5) 

^ = -0.31%. 

9 

jljjLa-i ^JlaJU iSjjLk Olc- (jj^jJI 4-£lLj Ja3 j ■» in* oJ i_L\l <j-- i_i_- ■»") *_! 

(jil <<Ua^. , iLi (jl (j^-oj '(j^j^l abj J ^hjLS-- (j^-oj < aJSlt <j >I>?-I 

4j__ijJ__JI fcjjt, a.i,^->" mm a3 (j-aj <ljii (j-a j ii ifil Ijj) mi*C jjinil (jl 3Jj(j m < I (j A_> n-i S^^J-*-!! 
.«(ji>jS!l a in a» ^1 i«Jj_yaJI>> (jrO-^ La J I <(j-->jSll J5----J ^^^j JJ-A--J 

iu^^Ji jjVi jh& jjiis (v) 



,j (j nn mi l J-SjJ 'l_U,3-^_9 £^JJ <_)---- L» £-_=-S jlj-a (j (tJL* J-") ^^j- 0 ^Jj 

a m° (j SjjI^JI <jJj^>" II 4 t-~> 0 — w lj_il ii_iLtuJI I ' i" mi ° LLa (jja .4jjj^j (_jjji.l 

ijjjil (jj^-j Lajjc (£ j i^al l (jjii Vtan (jl L^-^-^' S^aUlj SjjIjJI d_>aJlJI 

a mi a II (j .(ji-oj La JjljI u^jjll (jji-i Loilc- (_yjjl (JJ^J i(jnn mJI Jl (ji-aj La <_j__>3l 



l^ul^aS [iiJSlSll! 4jjjUJJ (jjjij u>iL3 iii^LLuaJ! jLaSSllj cj^IjUI 4^_>^] 

SsjjSi <j-a viJllllj ^Llll t>-j^jLflJI gl'i'n nil (j^-oj i S <*s Lia ""ijlj i4_i_i£^-" 4^_>^_1J _>1j£ 

i i-i J-o 4 a i a . ^j3 ji'il ^L*JI i_i la II (jjjLa pi w " ml i (jul^LlI 

j^I l^jS ,.,llVn l^ft i4 ^ ii^^g-a (jii (j^sLi ^ t— i <S J^-jIj J-C (jj^-i (jl i— JLai 
(jl (Jj-tu ^ j^-tj (jl 4iLc. J^iiil < JLi's'i in^ll i 3„\fl i <4j£J -CjL-iJi^aLi_jJI (j-a 'SLilS 

(j^ajLflJ JagiiiM,! J-Sjlll (jJfc Sja ljU)!l v2jljljll (jl g-ua^ail ifljLJI Jj if-iall (j £>LLol*j 

.iijjUJI Zjll 1/r 2 ^ii^^ll £ua1I 

p m-^. 4-ujLa. JL^-a (j dJj " n ^ t-ifl'< p < ma. jLtu-a jl \~r.\ 4_lLiu-a (jl *^_jl t-i-J^Lj 

^ 4nUSll oLj1j^)I1 j jLp^l j ajjg uu L&iU (j^-aj 1^ j^I 4lK 
.4 mjj (jj^-ij ^^^j ^ 1 "" (jj^- 1 <j*^ ^j-^il .iijjjjl^JI v^Ljlaa.^!l 

4 'j -> ' 4<^j ^ " 1 1 ^1 ma»Sll Ciljl mi n (jl I xalau 4j_il!iJ1 4_La-X_ll CjI i iALjj ( 6/1 1 1 a 

^ I-* -"H (j£ J_s-i^1 ^1 mi-i.^11 (jl 4_i^aJjuaj_Q 4 I'l^l CjIjI mi n (j^j*iH ^ la m (j-a IjJ^Ji 
£-^Li_all (j a j& fl" (jj^J-ij lj-i SjLtuil J-C <illj .^jJ- 1 ' ° '4 "I""-- a 4_i_ijL-J (_yi__)Jijj 

£jja * I jLa :(JLlJI (JIJ3 Mill 4_i^^-s 4_i^aJI c£->^l9 4_u jLa. a r *^| ^Jli (jL 

^jl*-!! jJL Jja II (^1 (jiljlil JLc Jiii ia3 Jx. jjj-a (3-a llflil jS n .-.nlUI 
4_ojLiLo JLu5i| 1'-''^ a ■ iiua i H ■ 9*bLiJI j^ji i Jc.SH (j ''lj^" I i_flj jfltl (^l i^jjj 

(.(jiijS!l J^. JL^-ll 6oa Jj-a "li 'iJLi^- (j^Ia^I <jl g-^ 3 '^' <3-°) p l>S-" 

4-ujUJI iU^ SsJJjaJl Lojjc 4-iljjJI (j 1^" ■■■ jfltl Jlj-i Lo .(T-^ J's mi j-lijl) 

Jljj "i! ^ Ijl^l oLi -^2-*^ iiiiSlI 4^_>^. (^I <(3l£ LI iiLJ.1 

(Jl i_Sjjill (_JJ-o jlj!Lal jAjJJ (jl I *'*'^ a ■ i|Jja II ^Lfljjl 4_i^jjj_aj i(jS!l (j^-1 .LxSjXo 

^ i 

1" '^1 ^X-^^-oJl j I 1 a a n 0 1 1 (^e^^^ll (2^0 (jJJal ■ °J '° I la * Lq-q JjljI 

^LsGj^l j>a-a (j-o jjuI US mi \ (j! jj "il i_sjjill ^1 (jl Liii-oj i(j^5j^!l pLl^jl 
jjaic .10m/s 2 Jl^ Jlj^ *i 3jU II iujUJI 31-sr, (jl Ji: Lk^j .J^ II ^1^1 

^JjlLoJJ iuljlj^l itj^uJI jlji-a (jjij (jl i<Lil£ 4^.j0j (^^jS jij-a 5J Lza. (j <^2>u 
JjjaJI SjcLS (jc 13-ulj (_vij*i!l t-i mi a^yiajjii dua < (jj^- 1 (j*^ ^ > Loj l^\j^ 

ic^jj dLlA (Ja .(llflil JajS Mill SJLs Jljia) J-«-il llflil Ijl im i— Sj jfltl ^l~n . 

Jlo jlji-o ixLiS jjaSj I ?ljjl ^jSlL p t-i" "i! ^Jjjlil Jji^j ijiil ijjlaljl 

JjSlI iiiliJI ,j jlj-a! 4 Min-^ Jl^ Uiflj p aia II (jl 4U~>NLa ££, iiiiSlI 4£ ^^Jl 604 



YVV 



laa II (jc IjJJ I (j^ij^l ■ diAa I 4jjIjjj"^I itj-uJI jbS n Ijl .^I^JaJI £ya 

Jl cj_>2I ijj^-> ijJ >— ijiSlI (jLi ijllal 3 uiAs. 3 < mlj iiLu-oj II SjcLSJ ( _ r S-s^l 
iiLuil 4jL> ((^LiGj'illii i_sjj(j Llj'i! i4Ja^Li=>l 2 k.^ 1 . 5jjLLa Sa^lj 2_ijlj jju (_>ij*i!l 

j| Lliuljll .(,_yi3j*i!l _>Ja£ < <i i i^i't J^jiaj (_^l) i_SjAflJ.I jjiuul Sj^iLs^a (j^ajill U m J^ji 

4j£_>^. i_Sj jail (Jj^aljj lig-ij -jUflll . a.-V. J_£ (_gl '^.U (_jjl^il frl — VM 

!,_yij*i!l ^ 1- Jl cj_>js! ■ — ' *i! 4jl £ja ((JojigJI)) pLliil I °l 




^ ^uLs ^ ^ul iuljUjl CjLc. j^-iu d » 'l""l I Ci\ flJJa.ll Y-*\ J*s mi ^ "\g-> La^ I j's ftj 

J^. jjJj JJ=jj 'li^l o^J^ J- 2 - l-*- 1 ^ i-ijiSil ^ 3 US'i jjl 5jL^11I (j J-naj 

CjLc j-jJIj <^iKil A-kii II J'n in.) CjIjI mn Jl I LajSll SjjIjIj^I CjLc j-uJI .(jiij^l 

JK nH\ a mS Jl o ojjj SjiKll £ jt-5llj jjljjJI .(_£jjlj jLlo Jl iijljll 
I ■> m% LfljJc J J '^^11 (j^-o-i L^-i"^ ' 4 ' KjJ"' ^ I Ufl H ^ n mil ^.LxJI ^ Luia L_>J I 

^jJI S^MjJI .(V-^ (J^-to) dtl ^ q Lilj^j l^jj-^ * (J^L^- 0 a **! j-vli a ) tuflj 



V tU Q ) 



YVA 



(^1 — laUn jljl! (^l^ Ijl <l j*s ftg .,_yiSLiJ! «. Us II ^ 3-uaU». 3JL* J*s .nil (j La>l_>j 

I ua2l j I » Ua (jj^ -1 JaJI (jLi — (_V^J*^I J^J^ JJ^-> i_S_j jlll 




JJiJI j illj£ jyxZ I J '■< Ij <4ij£ O mJ iilSQlJI iujUJI Sly <JLJ! 2»j_.U. 

La£ SiaLtll ilLuil £_a JUJI ■ °j< .^jl .3JUJI SsjjS> j u^jSlI icjjUJI j^j^a ^ 

La^ -C^L^ ^- L ^^*l3 jUa II ' a-^*« 4_l*i!jj II j^j i Jfl " iN JI ^j- 0 <6^Lcl (j^J-o 
4^_^ Lajlj 3-ij£_>l! S_aiLll i[<Lj£_>ll S_aiLllj SjjI^JI ■'Ij^* II <L-a£] a mS (j (>^a 

0j ^ LaAllLaLa IjLi .Sj^Jj (JjiaJj Una £jj _^JLLa Jl ^l""* j l.l$-ij ' LZS' "' ^ 



iCioU ^jii J[ ^flVy S jib 3JLJ jj_L_II 3_C _^J! iloLt-a J3. _,Li .'Ilo jjX,> 

l**S£ j^I M 4I__. m 

a= — — -reo 2 = -s — = -. (9-6) 

dt 2 m r 2 

,_jjL_JI _jl (j <L_ioL_JI (^^jjLS (^j-a gullj 2JoL*__Ll (^j-oj^II _jjL_JI 

co J .iaLiJI ilLJI j d 2 r / dt 2 - co 2 r Sj^kill c-Luaj 3U ■»!! ^ iloL»__ll 
d _^JlJI ii^ ik^NLa L$i ja. It^ojj LiJ j^ajjl j illo (9-6) 4J0UJ.I j 



d 2 r GM | / I \ 2 GM L 2 (g _ ?) 
tit 2 r 2 \mr 2 ) r 2 m 2 r 3 ' 



<3.llll vliLri-iji! lla,,^" ml lol 4-> ^.L^SJI ^jU" mj Lij_CJ ti_.it SJoLxIl £>OjS> J3. 

ijjljjl d _>3__ll iix^ v_jL5 ^oj-i-auj li = 1/r _>3__ _>ll SeaUl o'-oLjus jj^=J 

:lijoJ Jj^' ^I ja-Lai Lj .J 5* mo ^ csjlj J-^J- 0 Ji <j-°j l>° J. j^"N 

? m d0 d0 Lu 2 ,„ „. 

L = rar z eo = — => — = (9-8) 

u 2 dt dt m 

: (j J_jlj 3|„i|„i|| SocLS jJoiyXLulj 

d d0 d Lu 2 d 



dt dt dQ m dO' 



(9-9) 



dr _ d f l \ _ 1 du _ L du 

dt dt\u) u 2 dt m dO 

■>■>*> (9 " 10) 
trr _ L^u 1 d l u 

dt 2 ~ ~ m 2 dO 2 ' 



:Sjj-u_JI J_t (9-7) S_Cj3JI iloLn-o ^\ ia! j 

ti 2 u GMm 2 /n . 



YA- 



: ^ifc J^JI (jl (^j-o ^ a ^. " 1 1 Jo in < l^g-ij h2uLj (j-o-i*i!l i_s_ji=J! 

u=- = — — + Ccos0, (9-12) 
r I 2 

JaJU r (jl Ji^) jldxdJ Sjjljjj^l iaj^lJ! (^a 4m<~ ^jit-it I J-aKlJI Culj C dn->. 

(_>uS!l <jl£ La 13! 1^. j^. in ujij ~i Ijji .2rr jlaixu 0 jljjli Laoic iajlJI (_>uij Jl^ 
jj^iftU 4iJl jS^I j^jj^i pLLna)!j .(F = -kr ilU j Ijc ,Y ^ S^UI ibL»_a j 

- = l + £cos0, (9-13) 
r 

.JjaU e;Ja^»JI c^jJ^I jjjJI (jluu 2aj ,jla<dJ csj^l «-i^L^I Jl £ 
a j-ifftll ssj^a^a . im'i (j^Slj j-ia2 JS-<iiLi (9-13) iljL«I! JfLi, I^jj J^-mJI (j-a 
(r = 0) ciLuba^' piUai J^al <Lk5j cu uoj lj| £ isj^-l <i^i^lj 

"i itaLxll £sjjS> Jla .(j^SlllI j-kUl ijrLw 

a(1 ~ f2) = l + gcosg. (9-14) 
r 

(Ij^aSLi (i^jJaS (j'bllaS (9-14)j (9-13) djCllaL«_LI <j! d„>i\\ ojjj (jl Hjq ou aj 

:^aiS> 4 inl^aJI v2jljLxLi.*i!l J^-lj .jljjiil <Lul_iJ-iiJI (_yafil IL 4 I m" n (jjii (jl 



W GMm 2 ^ U 1 - e 2 ' 0 5) 

:Sjj-uaJ! Jx. <GjLj^ csj^jJ-l ^^=^1 <j^-l "^113 6^ j^' Ji 2;^=^ 



£ = Jl+ 2EL2 (9-16) 

tlj O^." ) C5jJ"iJI (j^jJI Ja^jJI ijjjll jJi Jlj-i ^ (j*i!l j^^i^J .<Lajjjl J^a-i 




CS ^3I .*,MV c5j£>ii <i^LLLlj V*A Jl^ jld^U c^jjJI (>jjl .^^^j 

* j la fl H ^ fl ugjj jL=*-il j^-tJJJ ^ u^jSllll ^ J U a 11 t j^ t Sl '^-^ <j| U-Osl j ^| , * I) 

n = ail - e) , 

(9-17) 

r 2 = a(l + £), 

^(jjj t 1 Q 1 a ^1 ■ j U a 1 1 1 a ■ ^ *« U uj^gj ^ >. «^ 

Y\ + Y2 

2 ' 

(9-18) 



YAY 



(3^jLS ^LiSsi^jJ jJ jaJi ni l i_AxuLill (jjs ^ < UOJ liilj J-0-»J .ijjjljjl vZiljIjll 
^1 Sij^ljJ) d ^1J1 <J-c^ kfl^. aunt iulj 

S.i».j JfLl jljll (j jjJj (_£,ill <_ujll Jl SjJjJI (jxi Jai. Ifl^. imj ^jjJI A i^.LJ.1 (jl 

: yr jS> i>j 

dA = l 2^ = A. (9-19) 
dt 2 dt 2m 

c5jj j <^9-""^l (jjiij .j'- 1 ^ <4_>aJiJI 4^ L dxi=» 

= T^- = nab (9-20) 
dt 2m 

(jlS^aj r °jjJ= (jl (9-12) iljUil (jx, (jj^ .(j^aSDI i^Lo* ^ Trafo (j*s! 

,tt J 0 = 0 (jj£j Lajjc 

1 + 1 = r L± r, = 2GiW 

:Sjj-uaJI J-C L^jjLj^ SjLcl (j^-ojj 

2a 1 GM 1 GM 



k 2 2(dA/dt) 2 2(TTab/T) 2 (9_22) 

T 2 = 4tt2 ^ 3 . (9-23) 
GM 

SjjU 3 wimILj .jii-a jlj-o ^Sl c-J-ujUII v±jJLjJI ^L«JI J< mil lift 

tat 



.(lli^ tt X 10 7 s/y ^ jdaJI lia J jili 

r 2 = 4n 2 a 3 



a 



GM 

GMT 2 
4tt 2 



1/3 



(6.67xlQ- 11 N-m 2 /kg 2 )(1.99xl0 30 kg)(76y-TTXl0 7 s/y)' 

4tt 2 



a = 2.68 x 10 12 m => 
r min = a (l - £) = 2.68 x 10 12 m(l -0.967) = 8.84 x 10 10 m 
r m ax = ad + s) = 2.68 x 10 12 m(l + 0.967) = 5.27 x 10 12 m. 



1/3 



(9-24) 



2Lu jLsJI jla* JSLui* (T) 

V?^ ls^' (<jA$' g-L-iu £-a tsjljlJI j-^j <j) 3x.j^JI La .(jisjS!l g-L-uj J^ji .A«>^ 
iilajJI SJLaJI I .Ajl L-i ...-J S^-LsGj^l Ijjsi jic (_5_>jIj jIj-o ij jjjll Ljj i^jll uias 

.jld^J 

ijSL^i <£^z JLcuJi (3JjjJ.I 3SLUI <>) 4JL*i jStfJI aij^LJI .Y-<\ aJLuXI 
ijjLAflJI Sj^jII jldx. (j ikiu i_j_>Sl (jjij .±M^> j <j5L<iuJI 0 ?jUI jIj-o <j iuLAill 

jljll Ale. (Ljjjlj) ikjjj <(j.i<wnll (J^SJ^J-I (_5jjUI jljll die (LjjIj) 

J a J (jl idi^-aJj i£i->_>J.lj (_yij*i!l <L-oL*. (JjSjLvj . 6j jij / fcjj jj-tu (_£.ill (_5jf>ljJI 
t(jnn ."ill (ju j 4j_u isLuilj ^t_s_jj» I 4_K) (^nn .7.11 ^ I IVi 1 1 4 I .nil olj 4 la ...jlJ.1 -» j 0 1 1 

.£xi_pSi\ jjLuajs i_m< II j (idJj Jl Laj 



YA1 



ft ft 5 / \ 

•eAj^' Ji 6-° iUjJj je-^' 

ii^all i>£ _>ll JpLU Ale- (u^s Jl\ J| 3 winlL) j*J>il -1^-_JJ (jl ' T <?J (jj^ (V) 



YAo 



(I)^j-0) 
ciL^ixi (^-^) 

hIjLc j-jiJIj i^^jUl Lgji Loj) pLjiall ~ Lc Lg-*-a ^ I ■»" < ^lll cil jl II ^ j->jj<JI dJLla> 

j^iJI = 17 <JLill Jjj mi J-C.) pfl ml I^Sji 

(^1 J^. (_F = md Sjjj^JI J-t ^l^'tL <Gc ^Lxll 

Sjj^il SySJI jIaLo j-o (l/m o mlH JxiLjlxu) <_» -"Li^; wi 4lK >m->. iL^c jljJLo 

<tfljjJa U (j ~> j II ^jjijJI _>i^J .S_jill fcLaJjl (jJiiQ ^jjS> 4 La ■» II fcLaJjl ^jijj <^ < II ^J-C 

3j'<jojII jjUJ.1 (^-a 4£.jjia~o LlLijI lj| .S^SJIj 3l-> ■»!! ^ 3JsnL*JI icLxuaJ Sj^^o 
Sjjjc o^jL«-o iNliJ Slsl^a F = ma i^Jlil iljUil ^ji; <zj <>> j <x SaoL*lJ.I 

a XJ iX ssUJi^l j SyLlI F x = ma x ,F y = ma y ,F z = ma z ) 

iSNL«JI 2 .!"<! Sjj^o iLi jJ= j^ijj J-c Sjjill cjjLa. Jl .1 j*s ftj iX b\ (j 2U .11 
"i! iS'^LsJI SsjjS> (^1 <La.l i^g-i ^ J a J 1 1 j^-aajJI j^Li iS^S-llj Sla-xll i>_> SjjLuisL^I 

.(jjLaJ.1 L$jJ| CiLfeLa^l (_$l) <La„^~ mil jjLaJ.1 iJlaUinl J^. J-ojjlj 

g-na^jJ LiiLi h2jI (j 1 1 ^li,^->" niL La 4jjLi_o Lajic <^_ct Sjj 1 o < 

iliJ.1 iuLj^iJI oLiLifUl oLa>Lajlj jjjLLo £>u (^LSnLxJI j!) is^L«JI Sj^^a iSjjJ^j 

i4-ada3 mil jjLa_ll i_sl a t-i if-il (jc jJajJI (jAJLi >4 -n ta in ii'^Lsdl £sjj5> .^1 (j I L 
ULi^.1 .4_oj"^La La>Jja_j <tfljjja CS^J 4j_^a_i jjLa_ll i_sl a t-i ml jLxLi.1 I 'i a-i j 



^ JJ^-° ^ JL^4 Uj^ (isLkllj Ji -nil iljJ^ '"I j La£ 

A«L*jj 4 9 !*<■*> II SjjLuisLi^JI v^LilaJlJI £ys JjJjlJI <iJLuS> iillJj cjjU*. 

L\>i.l U£ ji 4\li\n, L>£ Laj iijULa (J^aJI JliCa <L2Q <vZ^L=J! ^ya j&Z j 

CjLi^j-a (J-C 4 I n" mi 1 1 4-ijS!I jL*-ll (j-a ic^n-\ n Ll^JLcj jjLaJ.1 ^^a 4'mn ic^a-a^-o 

.jjUJ.1 oLa>UJjl j (SjjjLjiIJ.1 oUala mi^II =) ^l^'tl 
^LiiojJIj ^fl-^'tl ,£j-*^JI ^li,^* Mil J-c. jlj'f^il SjjUJ 4jL.j SJLLJI ol ^->*ill 

.oL^llL 35 It'll 3jaj-mjJI 

^^-a-mi ^-S>"i .-P2 Jl Pi (> (La^u) Lk^- f-^jlj '^.'j^l li Cy ^^j C^l Pi (j%l 

f>(j mil (Jj-aj .^(j Mill «Jjj» -Pi (_j-a-uij LjLi^-l •> j-aj-Hf I (j 1 f* (j Mill «<jjjIj» P2 

(<iJ^a_i jl) <jj j ^ j 1 ^ 1 ma. £_L£i^a (j J^-ajJI (_jl i3^.ljl (A 4 -s"l n 4 1 n mj i_ S_a-tu (_jjJlj) 

dlla> (^l djjj i.ijjjii mi-> II jLuxi J^. Ua'i P2J Pi Lij^ic-I I3| .P2 Pi Cy 
lisJiJ Ijl *(N J£-i) Jliil J-c .P 2 Jl Pi i> 3Iq-i^U oljLmil (> jjjjJI 

Jai. jij 1P3 Jl Pi (^jjs ^ iS" mi a laa. J-C 4^__^a_j ^l I \ a_i iLjjJjL ^ 1 mi^. II 

vlLljJ JjlkaJ.1 ^tiJI Jlaj A 4 ? -ll P 2 J| P4 o-a la± J-t UjJJj .P4 J| P3 <> 

3iLuil .A J |A| >jJL A (((jl^Le)) jl) J^aU >jj .3JlHil ^nIUI oU-lj^l 

(jSl i«Jji=i)) 3xiK ((jljial) 3aK ^1,,^" miI J i^a'i .P2J Pi Lj-J (LIjIj i^J^-J-a JOC.) 

Jjt-ll jbul Cwinl LsijLjljI (vZjLcjLuIIIj v2jLc j^jiJI Jla) CiLjLi^ Jlaj OS .-.I j-^'ll 
I AJ^i I t(Sj^ jJ-C ^ * '^ a £jl_ijlj^.l 4 U "-1^^ ^ij-a) Lul u^l -j A ^LzsJjl 1 Q i^a (j^-aj 
.j^oLa-ll (j-a 4_lj_x-a 3x.^a-aja-a ^1 a « Iflj ^LiLa*-!l 4_L^.^jJ.I fcjjfc (3 XaJUJ 

A ilLsJil (jnfl'l 4j 4^sJLa 4jL CXA 4 ^ " I I ^J^jlj ilia.J-a Lfl iS-> IjJC CX (^l^ Ijl 
SsUjjl (j 4_=sJLa 4jL '^L" I "iS iS-> IjOC Of (^l^ Ijlj .Of|A| Ssjljiaj 

lj ^ryiiJ — 1.7A (^Li JlllLj : — CX|A| ajljixi A j-a ((^^-c- i>Ujjl (j jlj-a) (jjj^LjLla 

. (A jljjLa) X 1.7 (_gjl mi 1 SsjIiLaj A (jn'sf. SsLaJll 
lj (j ^LaJLail J-«-flJI jSjil (jj^-J Lajji I'LaJLa SJsjjjI^j <^.ljl Jlaj Lajic 

ijljiaj llK i_S^J(j 4 ^. " II (2jI ^^a-ajJI 4j^j ,_^C jUxi .<iilj^ <jj^_i "i! Lajj jl La (_jj-«-a 

YAA 





Pi 

.P2 tJl Pi (j-o oljLui^ Sjt dlliA : Y JS-A 



(lAf*^ ^ a"> < s '1 (^ii iLL$xi *L=JlU jJi^o (^l^ Ijl .((^jl^il JLfllj^l 4^j-=JI 4sjjS> ^ n mj) 




^ i J^jj^Li ti? 4 a .1 I cJJj Jjlj I \ o f "jjj A d a * II I i q "-^j Ijl t^V ^\ f 7 > ^ I * ... w a 

^ A+B 'JILL? -5 J! A Jj j 4-. -.1 1 ^A+B ^Li .A (jJj J_c _B Jj j 

ic^jXa _B <La.ljiU La a m% (jis j-*JJ Lajic iaJjlll! 3 ,l< II <La.lj^l Jlaj (_g.UI 4_=Ji!.l 

.A 4^l;-i!L 

<Bj A Loa aULA — ; (i J£-<i>) ORPQ gL2si\ (jj\J^ Ll^j IjI 

4^!j)!Li ii^La A i^lj)!l guLi Jiaj P Jl O ,> 4 ->"<!! ^1 ^jj 

*^LLa_s <jl Sj^^vAJLi (jjijj) ^ a ~* j o .A 4j^.lj*ilLi 4x. ^ajj o B 4j=h.lj*i!l (J-a£ ij-* -0 - 1 

<iiljjj .V J^_<ii (j £^ia>U (^algJI c-Liij^L A + B --."ill ^_n-> II '-ij-ij (ilj^-lji 
4jL A - _B ^s>«i o( j ? "tl j-a^JI <j| (5! iA + B = B + A ^jj 

Ui! (j^Jlil 1 JS-i (j .A - B = A + (-B) J[ J\ i-B 4 ? -.t lj A 4-*. -.11 ^ Jn -s n 
Jl Q ;> 4^lLI (j! Lu .J? JJ^ P (> 4^lLI ;> ^jj P Jl P ;> 4^lLI LiJjjlail 
^ ^ J! Q i> 4 -.".I I J «-_B ^ i! Jl P ^ d ?"''b A 4^Jlil ^ P 

.A+ (-2?) = A - B 
Jl ^3 t>J <^3 Ji ^1 t> CjL^JLj ..-ujaII '^J 'Qj 6^ ^ J^-" 1 ii 
^ (E + C) + D 3 .P 4 Jl Pi (> 4^Iil ^s, £ + C Ij^jj .P 2 Jl P4 (>j P4 
,> 4^Iil ^ B + (C + D)j ,P 2 Jl P 3 ,> 4^Iil ^ C + D .P 2 Jl Pi (> 4^311 
^U.1 j^JI 6 I ^1 ;(B + C) + D = B + (C + D) ^ dJj,j iP 2 Jl Pi 

j Pi, P 2 , P 3 , P 4 £^2j o<aAi; ^ (jUjJI ^1 Ji^^ .(j^l^&l uija. ^^^i 




.a(A + B) = aA + aB liAjj^lJi 4j,^UJI j^-j LlWa 

j^LaJJ ( j-a d c_j a a ^| (JL^jl (j^J 4_B_iLtaJ! (j-Ufclj^Jlj CjLfl_ij_3LjJ I a y \a" Li J_xs_3tli 

^ olil 111 g uj CjL^=wj11 (j! J-C a UftJ ^j5> j j La-U <£.j-oj=^-q) 

jjl a o JLi-jl uj-tuLlil £ya IjJLc. (j^^-J t4 «U Ml cJ >l ma H (j .jjlaJJ 
0 J-usI 4_k£j J^iLi. j-gj (X,y,Z) SJ-qLslLq 4_iluu jjL=>-a $\ 
L^_ijJ X jj^ U J-C 3 Ufl\ J£ c^l^Jal Jj-gj ^-1 fraJLo 4_toljJ JJ-lcsj Lj^ Ijl .4^ mn 

^>aJI .Zj _y (j_ij^=J.l J_c ^ Us; J^J {j^jlI iJiliL ._>ao!l cjjL=JI J-c- 




.A x jjsi x jj- tl „it,| Laijjc «. Lai i ^jll! 2 US'.II x ^Slo^l <jLi <A ^ - * 1 1 ,_>ulj 

jj U" .tja.jil X j^j^oj A (^jj iijljj! Of dua. iA x = |A| COSCX tdJj Jl 4iLis)!L 

.<A <L=JLoU x ii£ _>J.!» A* J^. jIU', La .A ZJ A-y Jx. aU-^M 1 1 
<A X + B X + C X ^A + B + CJxi^jll < JiLLi .A z + B ZJ A y + B y3 A x + B x 




^(jjjj^ljji <L jJiil LfljJa) j& A <LaJLall |A| jlja U 

^A 2 +A 2 y +A 2 . (A-l) 

i(x' ,y' , z') ''Ijjl a a ^ SiJla a 3iLi jJaj i a t- i oj (X, z) ^jjl a a Ijl 

.a2 + a| + a\ = a\, +A 2 y , +a 2 z , cj\ J\ ;a a^sii j> jin ajj ^ UiU 

X *j j a 1 1 (jo SjjI^JIj l." Sj Laj a z'j Z Ij j a 1 1 I J ■ ° (jJ^-> t_j-^ d ^ H SJLaJJ 

A z < = A z , 

A*< = A x cos </> + A y sin 4>, (A-2) 
Ay- = A y cos <p - A x sin 0, 
iJUJI j .A2 + A y + A\ = A 2 X , + A 2 y , + A\, J ^jl* 1^ .jjAJI 




A X B X + AyBy + A Z B Z 

cos 6= 1 - 1 , 1 1 . fA-31 

A 5 (A 6) 









\c 




h \ 



C = A 2 + B 2 - 2AB cos 0 



(A-4) 



j J_c jjxi Lj_lS 4jjJoj 3 * ^ (J^-t-u la Sj 1 1 laa II e-LmjLi iIuAjj ^jJIj) 

C .(A-Bcos 0j Esin(9 Lu* cj|>^I aULiaj C 6jjj ^oJI ^jLUI cJlil 

- ^ ^jJlj C 2 = (A x - £ x ) 2 + ■ ■ ■ = A 2 + B 2 - 2(A X B X + A y B y + A Z B Z ) 
jla cos 0 = cos (360 - 0) J L^j -(A-3) ibLd! J! — (A-4) Ibl^d! ^ 

.V A (j ii^jUJI jl 2 ,1-U til iijljjl LgjL 0 llsj^c pI^uj Jji dlla> jj^-i 
A c^-i iijljj! 0 c^p. :|A||B| cos6> *gL _Bj A ^ ^ll ^LiUI i_j ^AJI ^5-4 

:LLJ (A-3) ajjLdl (> .A ■ 2? j <J jL&Sj Bj 



A-B=\A\ \b \ cos 0 = A X B X + A y B 



y±Jy 



A 7 B 7 



(A- 5) 



a niQ (3 d o I U II j ^Jir mil 4_i^jiij ...I ^ >J^J 'I (J-^ w " Q ^ojLaHJI <_j ^AJI 

i(jL)Ljl <J jj^-l Os) JOC ^JJJl (_g.nl iSII i_J ^vAll jl jf^jj .[SjjUaJlj J II Mill <L jiij] 

(A-5) j-o .UjjLa-o . al n U ,^l cLflj^Ja Jx. "i! JJjJI IjjSi jlj tlfl^la (JjiaJj 

j! Laj «dJj Jl IsLi^L .{aA)-B = a(A-B) <JjA-B = B-AJ 
.A-(B + C) = A-B+A-C = (B + C) -A^^ liili <(B X + C X ,...) ^B + C 
jLjlJ I4J Lgji^as. \A\j iA z j <A y j iA x jli .'U.ljl Jlaj A 4^Xll jl^ Ijl 
IjA jljiLoj ngjjLpi jac ^jjsi <^Jlil IIa olj^j-a jLi <A/|A| £L=Jlll liLiij! Ijl .J^jiaJ! 



.Sjj=»j 4~,"in j^Aiiu «\» SsjIjJLo (_jjJI (_£ J-SLjiLl I 4 -." 1 1 (^J-SLjiU I JJJlJI jjSi 4 -." II 

4^."nll Ljj-oj Ijl^ (iiljjj jj> (j mil (3-o "IjJ « )) <LoiL*JI i_S_>a_l Sd^jJI 4 I j-o_>j 

.A aUJil (jjjiij (j ^ryiij S-a^j <^JLa ^ e (\,Li <e j-ojJL A/ |A| 

yv yv yv yv yv yv, 

i-i = j- j = k- k = \ (jji> jx. Zj ,3/j LjjL-a 

_ yv yv yv yv yv yv 

jU (A x ,A y ,A z ) ^ A cX&j* cxi\£. \j\.i-j = i-k = j-k = Oj 

.A = A x i + Ayj + A z k 

j^-ojjij icJ^vAjl <iJLiiS> ■ (j ~> J n (^ojLlSJI cJ^v-iJI %j mi '< < 

o UkU l SLd^o j_o C cJQ <^Lo ^jiU (A) 
.C dLoii)! £j _>AJI (j iLAi-o viiLsiUj;! 

.(j^jJuLU ^ j JJjjlJI SjjloU. dJlaj *£j A j 5Jlj j-CLsiii <C (V) 
.4_JL£3jl 4^_>^.j 4-ljljjJ 4^_>a. Lg-ijJ Oj^-* U' (j^-0- 1 j^l aia.SH (j-o oLc3-o^-o 

: Jj Lo$ (IxBj <lJ| jL<ij) o >-sjj4 

(c^j^ 1 J 121^1 Jx Ua^I LLJalJ A °jL>j ^A^I (N) 

(J-C (_$J^a£- Sjji-j 4 n 4jL e i_S_^C ._Bj A (_5^aa-i (_JjJI "'H (_j-* 4 -> fl inll j^illj 

.e' = — e (3,1 g-^ijJ' lj- 0 -4^. a Kill gjLi- (Jl ^-^"j 
<iilj jLa_i| (ji-oj ._B ^1 -v"! (jjiij (J| _/\_<iu ^IL^ A SjIjLi liiil (j*^!l J "*-" (V) 
ssLaJll (jn's r. (jljjj j\ 0 i->jlj J^L^- icLuJI cjjLSx- ssLaJll (j (jljjj Jj-'j-' 3 o^- 

.0' (0 + 6' = 360°) ijjlj, JsLL JfiLJI VJ ll^ 

Ljj^ (V) 

AxB= |a| |b| sin0e= |a| |b| sin^'e". (A-6) 





ojU. Jl .sin (360° - 0) = - sintfj e! = -e $ iesintf = e' sinO' .oLk^La 
Ijjji J-c. cu^ Ijl .<ulc (^jij 3Jaj^M <_y^La. cs' J- 2 - A x £! jjlj jmii ^ ndlj 

<_jjULc. 61 ^31 (jn'sr (j J-^I_>J! £ulc Lo ^jsi «icLuJI I 5 c 

aLaJ ugaJl Ji-lj J! j\ oi 1 S-A^j -■' a ^ e 7" a (jLs J-ua!_>ll I n ■ U . (( 4x.l , M || 

.(A-6) 3JjL«J.I Lisjl ^js> 1 ~<< < i-sj-lu jjiSl! j . ■- — > I jJI ^Li uiljjj .(j-ua! jJ! £>LJj! 

^aAj <(A— 6) ul>"i! jL*J.I Q a ' a til j^-J- 0 ^ 0 *" a ' II jl a "ill ' "" Lo !_/\J^ 



SsLvjl ^l ja^j "i! .Bj A nin J_£ Lj^aC d/lAll JjULi j-oj 

AxB= |a| |_b| sin au, (A- 7) 

-* I 

^ L Ja^JI J^-la J-C- j^Aj So^-j 4aXo A [^l^LL jjjl ^pJI 4_ijljJI Of 

.(A-6) j ^^J! ( _ y J=Ju (A- 7) Iljbdl ,jLi .^L^ll ^1 j 

<_ujjj (j Jj^l 4 ~>"U) A jJ^j <A X B ^JlijJij (j <Gl 4 t^~> ^La ^ 

icLJI ujjLic- isLJl! (j A ^Ijjj (^l^ 131 -B £>L=Jjl J^. 4-a>L=Jjl 0 *'^ (o3?~** 

(A-6) iljL«J.! (^j-a glli (> 0 — . 1 J»-- ■ i_s^uj 0 3->jlj J^Ll icLuJI 

B xA = -AxB. (A-8) 




.A ^ a III J-C (^J igj" '"^ : ^ ^ ni 



.sin(0°) = sin (180°) = 0 $ ilj^ ^jij aU^I 

(v_JLto jl uj^-j-o) £1 ^5 iS-> JOC ^"i! (^1 g-u^ajJ mil (^ys i(A-6) vZj^!,jL*J.I (j-a 

.(aA) x B = a(A x B) = A x (aE) 



Ax (Bi + E 2 ) = A X Bi + A x B 2 



(A-9) 



vw 



A ^^"U ^ .iis iilLL^ iSjjiiJ AxS -u^U (> (A-9) 3JjL«II 

jB US in n B' (jijJ .P I i<i mj 4 Uq'i .lie l j-\_ujLo'ilJLo LojSj'bLiJ (j,^-! ttxta i Bj 

jJaij ^Jj-uj B (jjjlj J^Li. jjsjj ^jlxull J-£ (£jaxX Jai. .<£jj-mil lia> J-t 

jj-ua! ^ 0 £^\<. !j! [.P' J| -P (> 4^"U ^ B'j P' ikflj ^ (gj" mil 

|B' I = |B I sin0 dJjjj isintf > Oj 0 < 0 < 180° ^Li Bj, A ^ C^'jJI 
,j-a <lJI jJoi La 131) ^jlmil j B" <L*3il oi ^ x B = A x B' = |A|B"j 
ijjlj J'^Li. icLJI i_jjLLc ssUJjI (Jjj^c ij B' (jljjj (j-o g^Ijjj (A Jx iklj 



.90° 



Jx. Bl JaLfl-u,! Jjj-ta (jc B^' [yoiij .^jULil L£ (j-v"" B2J B\ {jLA 

iajlj J'iLk. icLJI i-jjLSx. £>UJj! (Jjj£-c (j US mil Sjblj A J-c ^j^ojJ! (_5jlxJ.I 
j-iiajj P B\ Jjj j_Li^jj Bi + B2 ^ mil Lii! j^jSj .B2 ^ m'i'i iJilLij .90 
IjLs idJjjj iB*2 <_>ulj P (j-o Lnfl m idJj jju j»-<^_>j ^ <Bi jjjjIj .lie B? J-o 

(Bl + B2) US ^jl iB 2 j Bi LojSl A Jx (_£j_jjS-*JI ^j"' I Jx B2J Bi I Un ... /« 

JsLi. icLuJ! tJjLSx. ssLaJi! (jn'sr. B'i + B 2 d a " 1 1 Lijj! Ijlj .B^ + B 2 ^ (_gj"i mil J-c. 

(_5.il! <LaJtil 4 mil (Bl +B2)" 4 mm'l j^u ^jjl igijLlJ! 4 ^ " I I ^Li i90° 4-lj!j 

(B 2 ' j B'{ Jx Jxoa-jJ) 90° ii^lj JnLL SjIjjJI j B 2J B^ S jijL <uk Ji^^'im 
<(B*i + B2)" = B^' + B 2 ' (jl lla ii>j oii idJjjj iBY + B 2 ' 0 j-^" 1 1 £ 11 sLiij| 
(jU .AxB = -B x A Leu .(A-9) IbUl! <A x B = |A|B" J Leu .UajSIj 

(Bi +B 2 ) xA = Bi xA + B 2 xA. (A- 10) 

;B = B x i+ ■ ■ ■ j A = A x i+A y j+A z k l\-"<j <zj .yj .x jjUJ.1 Jjl* J-t cj^^il 
|vL»j .AxB oLi^j-o oLma. (3-o Lui-oj ^p^'U (j 4jjLjjjll! <jj^s 

I4J (N Y J^-a>) 'LvLixli jjU-o ^.K'uni djajftLLa .iXi = jXj = k.Xk = 0 (j! 

yv. yv, ^ ^ yv p yv.yv.yv 

^.Ljj)!) jj-^>^ cud* Ijl] .(kx i = jj j x k = i ^1 glli L^) ix j = k ii^UJ! 



Y^A 



.1o 



fe 



I /j a « clx5^"* * ^XojJI cJj-J (k) ^ U jj_ua!^ (j) 4-i I ^ mil t (i) 

:^jt [ 4_ilxgj j j 1 a d c.j\ a ->> a ^j^^Ii L^JiLi t^y^ULj | J_c I g a * S J-qLslILq 

A x B = (A y 5 z - A z B y ) i+ (A Z B X - A X B Z ) j + (A x B y - A y B x ) fe. 

(A-ll) 

LoLoj A(t) 

:ul J '-fit) 



dA ,. A(t + At)-A(t) 

— — = lim . 

at At-o At 



(A- 12) 



:^,Ls <(j-ajJI Cijlji i,j, k Sj^jJ! ol^Laj A = A x i + A y j + A z k lj! 



dA ~dA x -dAy ?dA z 

~i~ = l ~i v + 

dt dt dt dt 



(A- 13) 



(A-5) iljL«I! ^ S j^iiLxi iSjjJaj ^LSJ! i_> ^AJI 3 5" , n n J-t J^j^J! 

:Jlii! Jiixo Jx. .(A-12) iljLstil (Sja.j ol^Xa JU.J 

d/~ - \A(t+At)-B(t + At)-A(t)-B(t)] . . 

— A-B)=lim i ±. (A- 14) 

dt v 7 At-o At 

iJjUll .k^ Jl (A(t + At) ■ B{t) - Ait + At) ■ Bit) SSaa j) Ui^I Ijl 

iJjbdl 6j^J ^1 ^LJI ^Li «(A-14) 

[A(t + At) ■ (B(t + At) -B(t)) + (A(t + At) -A(t)) - Bit)] 

_ • 

(A- 15) 

:J^. Jj^zJi At -» 0 J-*^j 
^(A.B)=A.'^ + d f.B (A-16) 

v y dt dt 

Lij^-aj .d- b = b ■ d £i '-^-^ (jj-i-=JI j ^"bLoLxIl ^-u-o^ <->' -^-Xj 

\ dJjjj '.dx b = -b X d $ io'laUi) ^uj, _>j J_c LiSLajL? 
|(Ax,>Ax(f) + (^)x.. 



(o) JaJ* (Y) 

Ijjfc CjLo \ II jJuaJll (CM) 4_La^J! j^j-o t SjjJO ^jl j^Jj 



X^r- = 0 where f[=fi- R C m- (b_2) 

i 

:J_c J^Vi iixullL (B-2) 3JjL«ll JjisLiij 

df' 

YjniV[ = 0 where v[ = -± = v t - V CM - (B-3) 

t 

j (JjjLS^ ilioUaj (KE) K iSLk .(L1j! SjIjJ ^ t' / fc'j liaUaj 

.Oij'k 

KEo = )^JYHv\. (B-4) 

i 

«0'i'/ fe' jLWI j t^UC S^^JI iSUa 

KE CM = |X m ^i 2 - (B-5) 

i 

.KE 0 = KE CM + (1/2)MV2 M 



Lq = YjKifi X Vi. 



JjJrJI <> csi^ -Vi (> ^Jj V C M + VfJ '^t <> ^ ^cm + r'i J^p 



(B-6) 



j .[X mtr- x V C m = Oj R C m x S wiitf- = 0] Uaj ,I 0 djiio j i^jS!! 

Icm = S m ^i x ^ (B-7) 



:L\jjJ (jj^j 

Theorem: L 0 = L C m + MR C m x V C m- (B-8) 
iiKJI S^SJ! (j m" "i! La ^Lkj (j i^all (^^aU! (^1 3SjS~> JjLiJLi llASLi 

iTQ,ext = dLo/dt 4 -n ujJl I IaJijj mlj .^1 tVill ^j-^il J^-ll ^jj<-llj 



To.ext - ~^_fi X ff.ext (B-9) 
i 

fi = f[+ R C m 3->L£-> ./ pwn^l l J-c Sjiji! ii^jUJI S^SJI ^ P ex tj 

To.ext = f cM.ext + ^CM X P ext , (B-10) 

FextJ <p.LkiJI <Jj£ j£>a j (j^iil (<^jUJ! ^j"' ) fO-*-" TcM.ext £f=»- 

:<j! (B-8) iljUil (> i^NLi .iiKJ! ii^jUJI S^SJt ^ 

dL^ = dL^ + x ^ + ^ M x m ^ m _ (B _ n) 

at at 

.^CMXPext c^jLuiJ <±JLU! a^Jlj J^i-ua ^jLuj (B-ll) iJjUil Cjj^j ^liJI J^J! 

:Li_>jJ (jj^-i 

Theorem: T CM ,ext = (B-12) 
at 

(iliLi < ni^. II i^ja I t n -» " jl) Lo Ln ma. ^1 Li n i ^ <" 4_ijlV<ll 6Jj5> 't_yaj II <^.j (J-C-J 
j^j-o J^aa. ^ I IVi 1 1 <Lijl^JI <iJj^." II ,*j Ls tVT< n <Li_ijL=* JLa-a _/\jLj d^." I~i5 tin 

.(CM U> Jia ^ i^jL^JI J 1 ^ CM 4lK 

^qLL*JI J-"=La. ^aiSi li J^aa. 'La ^ ni^. I ^^jljJI jj ifiQ II (j' J^JJ 

j^jjJIj tSi.ua 1 1 CjLij tVill ^ya .L II £jC Jjlj £J>a (j Llj^i-a p nt~> II 4 A~"s II 

j>^2JI fO^ ^ 1 1^1 : C5j'^' Ji5^l 4jJ^ (jr* 'f^-lL? Lg-ic .£^JI J$-«&l Cy 
]_,' lai. J^aa. ^ ni-> II j^jljJI jj ifiQ II j\>£ ^' (j^J (J^^- La p ni^. I ^IjJI 



isLul! a !/ = /' + Ma 2 ^Li .CM il&JI j£ ^ JnLL I U^ll lljl^ 

■|> .11^. II 4_K i t>-i iijj^sjJI 

((^usiLaJj^l (3-o ^1 (j) j\Jii^ Sj^j 4 n e ij^-jJj L U-^ II ,_^c 4 US'< 0 (jill .^Lsi^ 
7 = Xwi[r f -n-(e-r f ) 2 ]. (B _ 13) 

i 

(jU It&JI j^lc Jl O' (> do^il f[ 3 CM ilSJI j*^ ^ 0' {j\<. Ijl 
.f i = R + f' i 6 Li 0' Jl 0 <> 4^U.l^fi ylS Ul ./' = Xmdvvfe^) 2 ] 
JS! i^L^^lli 2e ■ S^i^'j 2_R ■ X^i^ oe- 1 ^" j 3J-sL*-o j li& JUoLi 

Ij^j .Zmrl = 0 

j = /' +M [fl ■ R- (e ■ =I'+Ma 2 . (B-14) 

l^iij .^xuUJI f> aia II 3£>aJ Ikj-mJI ilioSlI (^IIJI J^all j I j mSl) 

j^a-o J^a. jJ-iJ mi ^ II (jl^J '4 a a n-ill (J-C 4->J^a£ CO j <L>jl^JI ic^jjJI vZijL^ 

iLla ikii 0 ,±m~> iL 0 = x WiVj iijljjl d^lJI Li^jj -j abj-^l 

J> 

;ri = xa + yd + Zik <J&± .Vi = dfi/dt 3 rm Jl 0 <> <l=JLo f i3 ^^J\ j 

_£juj ^ Xj, >"i, Zi vIjLSI^^I .j> ma, II j 3" jla CiL^aJLo i, J, k 

di/dt = (jl il^mj . |> aia I I ^ ^Ijjjj kj i ^fl-^' o <j£Jj <i>>jJI 

i7j = -coxik + cozji Ij^jj .dk/dt = coj xk = coij cojxi = -cok 

L 0 = co^m/ [(x 2 + zj) j - xiyd - ytZik] . (B-15) 

i 

,_pljJI jj . ^ S II ^> ^!l La (B-15) iJjbuJJ (^J^l _>kJI j ^Jl 

Ijl :v_sK JSL^ ^,,,-,11 (jl^ Ijl c5^' JJ- 1 ^ 11 t^*^" -° SJ^ 1 J j^ 1 - 1 
Ijl (x,y) Sic jLuxi ^alc <jLi jj)^,ll jjJj ^lijii ^ uia II 

^jjSi LoJlo) cA^fll J-t u^^" J" 0 ^' Jj^La- ^NLjjj t(—X,y) Jj£ j^zlc dLuSi 

y = 0 (gjjMill "^jULo j> uia II Ijl <JliU i(dJll)l ^o-nII J^oU j-a JUJI 

^yjllll J-o^-ll J-"=La. (^Li — >")j (X,y) (^LjLula I dua < 



2JLJI j La£ J. = /COj 2_,L£ I O^LaJI fcifc j .<jLj-mNLL (I^-claJI J_£ 

□ .d4J! i£L£ 

"UaJaj J^^a. jljJ tr^^- f I 3 al Ullj J j ,7,11 2 .jU.'. I '." ."I ^jjjLllI J all ,j 

l( >li)l J^iJI j ^UjJI .((8-51)j (8-50) c^jL^I ^1) ^ 

C)LaJL»J.I jj^. U\ i ^s^.toLa. a ma I 2 .jl I 2^_>a. . a . ^ j I ^jjdlj S_jILll j^jjJjLa-a 
Ji^qII (j Ljj^j La£ .Lift I J a La 5| i . ...I'.ll ^ <j£_> a-lj i^l -1° SjS ■» U 2 . j " 1 1 

aj .»■■> II Jx. Ji-mJI o^^J f\ tajJI (j J^-l <^ liiu! j3 Li! La-> i^lDI 

(jl (jJsljLsl ^Lui^l (j-a_j -J-^-ll J-» Mill (j a I J ml LgJ (JjjjJ 2.1-^1 ill (_£_ajLll (jL Laic 
Cg-i jL*jS!I lj| '^UlJu JjjJ '-Sj-m SjLc 2_ili.|jJ| ^^SJI (jSl ijymla. a ma. a.Llaill 

.Ql o < mi-> II 

La 4_iaaJ (j (2_ij| ua.1 jjLaJ. 4 < mjJLl) La^JLxi^a CjLn \ ma II (jja La.jj j-dc I 

^s, j Jl i <> 4^lil .fj- + Afjj n + An ^Li^ JJ3 o*^ *r,j n LaA 

illiuLa. a ma I I (jl£ lj| .Ty " ^tj ll> y H d£J 

t j^x~H ^ £>Ln \ II vZjLsLuJ.1 <jLi 

LgJla ^1 S^UI cula lj| .Afij = Afj - Afj ,±m~> ifij ■ Afij = 0 (S^ i .^11 
<Jlp ^jJI Ji^iJI (jLi (-/y ^ i Jx. j LgJlp ^1 S^jUl) /fj ^ j i 
Z^i3 <-fij ■ L>£-i i J ls^ /y ■ Ar,- (jjlj j i 

lj| IjO ifi ^ojLlLII cj^vAJI IjjSl (jjij i— Sj-m .^/ij ' ^"ij (yii mJI J- 0 ^ J-" 3 ^ 1 

^^jUI .ilj^^ (5^1 vl^L^ 131 gjl ify S>Uj;l j! £>L=JSl j <jjl^ /y ^L£ 

(j (S^j^," n ClLia <7i iLiLi v^IjLij (_jJ-ll <iiLi (_5-A 2->j^_>il Sj-ia-^jJI 

icj^u Jx. iLj^ac. Ll^lj (jjij 3£jaJLa 2'^ m Jx. SjJ^il 2j nnULljll S^flJI .SjLtl 
a ma II (jj^-i (jl I laj t *i! jjj^jJI (j-a f^^' lik] » m Jj-iJ *i! aJ <j-°J t4ja mil 

.[limU 

(_5^S a (j m"i (]>a. ^mlaJI a-maJI (Jx. 2SLlaJlj J ■» <7ill 2_ijJii ^jiajj :<4_ua^La. 

.JjljIiJI (j a (j m" US ° 4_ia.jla. 



(S) cW* (?) 

dQ^ln duue£ 5 jiUI j! £>Lpl 

ij-aSl! £-Slj (j JhP^" 2 .<Laia S^flJI (jLi ijjjjjaJll! 4xjJL=JI Jx. jlijj La I*£j£ 

Liil .Jj^llJLl 4->"m a jSl (jj£j (jl aaj F (jLi <F = m« (jl Laj <uS! 

._)-. mil j\ j-saJI ^ S^LlI Sa^-jj i4^j^JI (jc JnLSIxu^Li F Liijc ^Lill J.^all j 

fiUsJjl (j i_1-> 111 1 Ijli IT (jjJ (jjill JjJjiJI .( jLflJl) Lo (_£jLl£. |1 mi-^. 4 i-i Mll^SJ JjJ-lil 

UjcI ^ill N-Y JfcJu jiijl) ssUJj^l <iilj (j n <JjJa ^ mm nlL^ <jL£ l^-*- 0 
ssUJil 90° — 6j 0 (jlt'unj (jjjUI y j x (^jj^j^J.! Liia.jl Ijl .(lla 4_o_ujj 

(jl j5-£l1I J)J^i lj' J-^J^ '* J .>?-^ ^L^i iJi ' (J^- 3 '(j' J^-fiJI 4j j^J^J (_jjJI ua Mill 

J^kj ,_i^ mi IjU nsinOj x mi Ijli ncos0 :d>i-a^ is*^-i n 

■r*^ Jl o ILi I j a cjLuI ^ « U~ ..."t Lu| ^x.jl 

,j-a <ul jyc] Li! .Jj^l £->_JI (j i_tf> mm JjjiJI o| c^I iO < 0 < 90° o-o^il 

(jl3 * o (jLlcajaa o Ijl (JjLjlIILj frJjj ij^a II jJu SljLi-o (jl ^-lAl^aJI 

Ijl^ .yj x (jjj^J.! J^k jx (^JLJI ^Lo^l (j (jUa mm (jljlill (>a (ni,ri2) 

I J » a i_ Sj-tu vZj I " K TL\ / TL2 4 1 mjJI (jl g- 1 ^ 3 !^! <J-°-S iiiLlj «(jL&_>j)) J-ijI 
* I -> " I (jn's f (j (jLij's 1 mij ' (j 'jj a 1 1 (J-C (j-ua-i_>iJI _/\Jl11 *i a |_LwaaJ.I J Mill ^ "I 
uj^u tjjjjx ■ «4 a 1^. i<ill» I (j" mi 4 i mjJI jji-lj Lcilc 71 ^jjiJI 4_i jxjii (_jjJI J-uJI 
JmiII (^i^Lj J^aaJ.1 JmiII jljixi Jajjis (j^-aJ 4jLi J^Lsiil L> iiij j 7l2J Tl\ 

.n JjjiJI 4j fL>L> ^ill 

X (jjj^all J,>kj djuiiUjj^l (j La mm (jU Tl2J Ul d^ajjilil l'i^. n mi lj| (jSllj 

.Ijli n <> Oj^- 1 J-" 3 ^ 1 lie-^ 1 Lr^^ ^J-^ 1 SJJ 6^ J^ 11 ^j^"""'' L"Li ,3/j 

m=n/(0), n 2 = n/(y-e). (C-l) 
3-> j"'i ^jjs> JjLxllI (jL^ Ijl <j| 3SjS-> jus gtlH n (jL^uLilj ri2j tli (jl 3SjS-> 

.JjL«lJI 3->j"'ill Jlj^ NLi .Lo J^Lsl^ j J^iJI v ',^^1 Ji=JI 




W 0) 

— ~ 1 1 /.I "I Jjiiil ^-O^-" ol-^jl ,*■■■-» m) lia-lj Lfijji jllilij jljliJI 



n Jjj jiJ! jo 4-ijljJI illj (jua'i jLi 1 jKi! ij <laK"m oL&LJj^I ^in-^ jl ""^j 

(jjjLiil a Llj! lA->N| .Tl2j Ti\ (>-£-i J^il (>lljL»l! (j Ji-JJ ^1 1 La * La j^a-aj 

vj 'JJ" ^ * f (_>^=> J^_al .3 li mljjJl jjSi f(6) illjJI J-C ~ J I I UflJI 

t Lllj-a J_ua*i!l Ua\ * (j^'^ 0 C£->^ >J « j j a rt a iuj dil_a '(^^ 

jisjl) LLij^a^-L 4 unjJL) ^(p 4j_oIj J^Lk.) 4_c.Lu.Jl uJjLiLc £-a (jtj^Jj d 'JJ^ a 

Lij^j^-a J^. Ijli rii = nf(6) <i=^o J^j n JjjAJI JIjjj -I -0 ^ J^ 1 
ULaS ^jl lujJL <i=^a J^j j! <>" Lij^a^a J^. Ijli ri2 = nf(n/2 - 6)j x 
dj^^-a J_c Ijli n 2 = nf(n/2 -6- <p) 3 x' djj^-a J-t Ijli n[ = nf(6 + 4>) 

jl JLai\ (j-a 4 > mlLa jl.AC-1 Ljla^a ' j! (j^-aj I *' » j J - a J-C ^jJI (j! jiJlI! ,jS_1 .y' 

(jL 1 1 a J-c. IjLi nf(6) JIjjj (j^-oj *'"* ■((jn'C nlLi (jn^ ■> llj) d -jj^ " J-c 
nf(0)f(n/2 - $)j x' dj^ Ijli nf(0)f(4>) J^j 
IflU a >" dj^j^a (j^c Ijli nf(n/2 - 6) Jby< ...I ,j1xli <JiiL .y' 

Ijli n/(7T/2 - 9)f(-<j>)j x' dj^ Ijli n/(Tr/2 - 0)f(n/2 + 0) 



/(() + 4,) = /(())/((/>) ( " (')./ • </> 



(C-2) 



y A, 




iuai ./(tt/2) = 0 </(0) : /(0) = 1 ,> 2LiLi»)ll jiLS^JI ^ 

(^ysj^l jjjJI j n Jj jiJI (2x3^-1 Lajic- t>2lLJI iijLLa jic <<iilj jjc 
/(#) = f(-0) (jl (Jlui^l <>^l jj^JI ii w Jj^iJI o^^j L>aicj .i^LuU 

./(tt/2 - 0) = -/(tt/2 + 0)j 

a . | j a i (_£jLtuJ </> ^ uaj j»J 4 ■ •"*' II ■ (j-G_ys (C-2) 4_ljLx_U Jj^aLflj 

,/(tt/2-0) = -f (n/2 + 9) J L^j .IjiliJI 35". A ll J|>^-l (") CjOKri >JI 

J^c, ./"(tt/2) = 0 (j! gib <GU 

/"«?) =/"(O)/(0). (C-3) 



r-v 



{jK \j\ .iuiil^l oljjjaU lHASlla jLxu j LlJ iijjla Sjl.^lilJI ibLsdl £>la> 
iJjl^ jSS^I J=JI ^Li «(/"(0) = a 2 {£J iJLJI d£ j) /"(0) > 0 

f(0) = f(-0) JZIj -fie) = Aexp(a6) +Bexv(-a6) 6 ^ (C-3) 

.A = B = 1/2 LbJ (jji. ,j! .j^j f(0) = 1 (jji. <A = B CjJ^t C) Vr^ 
.f(n/2) = 0 el a jj ml Jj^" -nil (>o i-s>^ jjjjc (3^J 

jtfill j^ji ./"(0) = -fo 2 «/"(0) < o J a .i;-„,; ij^j 

/(0) = (j^. ./(0) = Acosb0 + .Bsinb0 jSj^. (C-3) <JjU*i! 
/(tt/2) = 0 o& -B = 0 3 A = 1 lijj ^ J ^ /(0) = lj -fie) 

(V£-oj o^.l_jJI ^ j-i^l iijjiJI oLicLAil .b = 1, 3, 5, . . . LLijJ (3,^-1 (jl i_»a-> 
.0 < 0 < tt/2 JU /(0) > 0 j,L (!tfL& o3±) ^I^JI .-Jkill v ,„^ l^ij*. 

* a J 1 1 (j^ajLuai. «. m-^ L$J S^flJI (jl CtAj Leua if (6) = COS 0 (jj^-> lift J-C c-U-ij 
ifiUaiLxJI ^jnQ i ^Lc J mi 1 (ft^ "' ' l)-^- 0 l-^ (j ' q J-*) o lj| ( p^a i a a 1 1 4_=>.^ (J-^^ 

0 J 1 1 £_ojjJ1 AxaLa. (^jC SjLlC ^ 0 mi 1 Jj-a-o JjiLa JjjjiLl (j\isl^-o (^Ljjij La^jLi 

■ C^ nQ Mill 

•(SJ3 ""^ J^ 3 ^ ^ > ouJIj jLLs^!l 4 1^. c (j^-oj Lojls. j ' ^ 

Jj' ''"^.' ^ I i n't l jjL=J.Ij ijfc ^ igj j'^al l jLk^ll jjU-^ vijjl^ Ijl .(jLa>_>j 

r r r 

jjLa_aIl 3_i milL Sjljj 5J=> j^iu Sjjjall jjUJ.I viijl^j A! f k' ^ (pjLuI^) 

^kJ-oiaJI (^jLi iilaj^i (jjJ-i (_s^ll JJ La^aJJ 4 i mjJLi A (^jLtuj) 4 l^. f Lg-lj SJaj^i (jj-^ 

3 j-auJL d' + A 4'Ur, (jji; ik j^iu Sjj^dl jjU-aU 3 ynlL a' 3Uf. <J ^ill 
SjUl F oj^ iF = m(d' + A) ^ pjM.-^ll 3^ ^ ajjbui -cgjj'^flH jLk'bLI 
if' = md' Sjji^II J-t ibLtU bl& 3jLI^ SjIcI !'■'■< -c.""^ H J-^ 5 jSjil iiKll 
cjjikll jjs>j .— mA 4^K"->^!I SjUIj F 3j5j5^ II SySJI J-uaU. ^ F' 
□ .43U5I 



r-A 



(.A) (O) 

oLaI>SI (*?) jaIq :JjLuiXI J^J djIjjS iiAU (N-o) 

p p # 

^ik. jJjj 4_L* j-o J£ J j < JrJI Jl <J1 Mill 

' sJI 3^-1 (jl ^-c- .SajiLts SJjLjlxi Jl^ Ijji! Jj^^s-j 3j9j^ <j i^^jis^iL J i^"U IojIIj 

?S j^i.Li! iSjjJaJI ajji J! Jjj^J! J LcjL ^-"=1 u' pLki-SlI ui^T j jJslj SJLuxi 
ij^uaJlj (j-o (_5-a^-J La ^-iJ 6^ '^l k- 1 ^ Sjii (jj's" <n <iit jJailL :^ 

l_U_>SjJ! J M III J-C .ijlfll t-i-^l <jjs p I ■»"" jlJ La 1^-ii.J IjjSiLa JJLJ J I 

^jiJI <i_>j<_o 4_ul mi^. II f-LLai.'^l Jjjs 4£jjll JjjI_jj<JI 4_<iu2LLa JLslcLij) 

.JLajil pi l~i-»-Ia i4_iSLjjja pLt=>A.I :pl U Vjl (^j-a (jLc^aj <iJLu5> i(^LolJI i_i > i_ua II 
,4a jla, a Jl (3jflj5'j*llj 4-^aj I ■»"!!) 4-04II pLki-SlI J=JSi JxiJuj iajLs jljcjj 

^Jlil) ^gjj lqI j^i. _,LU (j -F = ma i_i"<" <jl 3 _>ll pi U-^Sil ilia! (j-o 

i Q inj Ait ijl i(SjljJ ioljjj 4 I n jjLa-o Jl 4 w 1 1 \ I Li CI (JjjLi2 Jla) (((j^jjLfliJ 
Lo |\ ma. 4^__^ Jx. US 4 ^JjjJalil iLLS 4 <"Laj-i^ vZj^jLsl^s ^l,,^" ml jl ijjall 4^_^ 

JLojil jl i^j-"-" j' 5>5JJ SajiLo SJjLjl^ JLic.1 JLojs>^!I Lki. Lai .iaJalla 3Uii 

lj .Cjljij jiUaj (j 4 a I" a pl^^-l CjLcj^u 4lNL*JI Jj^s i4_a^a 4 & "\Ln\ & 4-ajU a 

.vi^jLxll jjc (jc 5Jj(j--> II vijLvaiJI jjc jjjj t-i^uj o^!L=JI 
j»-S-lJI '(^Ijl-S-oj t> 4jij^_i ^yjj-^kj jiJ 4a <S^. II (j dlM iLi ma. :Ja 

■ Sjj_< mil ^j-C 4iij^!l ilil^Li. 4_lsI__jjs Jjjjia 

.I4J o^J- 1 ^ cr^l ijij^JI (j* La I^jmi O '<*olf, < ^^j-xIJI jLa. Ij^ <ilJ (jilJ 

(j-a 4 i ifi^I Jl Qjjj ml I (j La Lfl i(jjujjjjl (j I (j ilf 1 *i 1 1 rs ~>. (_jJ-ll SjjLaJI Jjl (jl Lajj 
^-j^al^JI ^ja 1 all K TiK til JjLuil J^». ic^^u (j ^jjjLgja Jl iiLxi^lL <J v_u_>2 

C$l 6' l"° 3JLtu-° (jt CS-^^J jaJijl ^Jlj^ (jKJI jjULl (ill £>\jl jj ^jjjl 



O^jj <j! jaV.I ^yj^-l ilic-Lu-a 'iac uJ^J iljLeua JjLoxu Sj^aJ! <jjJ=JLi .vZj^jLjl^ 

I 

(j Sj_^jll 3Jj(j--> II Ciljn's II JOC djjj (^1 <'ljlf nl^jLsuo (j\ {jjSi ^1 JaS 
(j-Ul^jS 4 i n 1 1 v^*i!jL»J.I (^j-o 4fLa ^-liijj £tjol_j 2"°^-^ tiljjJ d^-* (jlj <ilt-»uil 

(2jI J-ii-ll !^ya (jji-i Lojj .CjLi-aSJI <iit (J-vjJijJ LSJ I 4 \"\ i"i Ln 'n*\ 1 1 JjjjisJI j\ / J (lA>" 
j2 LijJa .g-olj-JL <ilia>j (j lAa"^." iSj^iJLi jl igjaLjj-JI pljt-^ I <jLi2,J 4_ajLa J--> luj 
(j A a" jiJ Ijl .LhAftjj (2jI idblxfl i^a^Li CiS^JI (jl^ lj|j iSj.A^_o gjal_>j dlijJ ^jj^-i 

i_S^xuJj .(el t-i V^ll jl) UojLJI J^. i_SjJ<jJI ji-g-U (j-o (jjij 4 a ujJl <jjiij Jl LgJLj^a. 

.Jj^Ij J£j ^U"ll ,j a a " \ 
.^LiS^I j II f taa a vzJAj j3 idj! jjjj :Jd 

■ ^X a" II (j Jfl~> II jJaJLxi JjjJ (^1 <'ljlf (^iJ 1( _g^al i^'-^l JU~o idJj :^ 
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